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SECTION S 
SAFETY INFORMATION 


S.-l1 INTRODUCTION 


Read and follow the CAUTIONS and WARNINGS in this manual. They are 


designed to emphasize safety during all phases of operation and 
maintenance. 


S.2 SAFETY TERMS AND MEANINGS: 


CAUTION -- Statements that identify conditions or practices that 


could result in damage to the equipment or property. 


WARNING -- Statements that identify conditions or practices that 
could result in personal injury or loss of life. In 


addition, damage to the equipment or other property may 
result. 


DANGER -~- Indicates a personal injury hazard is near the marking. 


S.3 WARNINGS APPEARING IN THIS MANUAL: 


THE VIDEO CIRCUITRY CONTAINS DANGEROUSLY HIGH VOLTAGE. 
EXERCISE EXTREME CARE TO AVOID POSSIBLE ELECTRIC SHOCK WHICH 
MAY RESULT IN SEVERE INJURY OR DEATH. 


ALL PARTS OF THE POWER SUPPLY ASSEMBLY INCLUDING INPUT 
CIRCUIT COMMON ARE AT OR ABOVE POWER LINE VOLTAGE. THE 
ENERGY AVAILABLE AT ANY POINT ON THE ASSEMBLY MAY BE LIMITED 
ONLY BY THE INPUT FUSE. DO NOT ATTEMPT SERVICE OPERATIONS. 
FAILURE TO OBSERVE THIS WARNING MAY RESULT IN SEVERE INJURY 
OR DEATH. 
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ELECTRICAL SHOCK HAZARD EXISTS WHEN A_ BIAS’ SUPPLY Is 
CONNECTED TO THIS INSTRUMENT. USER SUPPLIED BIAS VOLTAGE MAY 
BE PRESENT AT INSTRUMENT TERMINALS AND TEST FIXTURES. USE 
ONLY BIAS VOLTAGES UP TO +200VDC AND BIAS SUPPLIES CURRENT 
LIMITED AT 100mA. DO NOT TOUCH, CONNECT, OR DISCONNECT THE 
UNKNOWN COMPONENT OR BNC CABLES WHILE A BIAS VOLTAGE IS 
APPLIED. FAILURE TO OBSERVE THIS WARNING MAY RESULT IN SEVERE 
INJURY OR DEATH. 


ELECTRICAL SHOCK HAZARD EXISTS WHEN BIAS SUPPLIES ARE 
CONNECTED TO THIS INSTRUMENT. WHEN EXTERNAL BIAS SUPPLIES 
ARE ATTACHED, THE BIAS VOLTAGES ARE PRESENT ON THE REAR PANEL 
BNC CONNECTORS. USE ONLY BIAS VOLTAGES UP TO +50VDC WITH 
EACH BIAS SUPPLY CURRENT LIMITED AT 100mA. DO NOT TOUCH, 
CONNECT, OR DISCONNECT THE MEASURED COMPONENT OR THE BNC 
CABLES WHILE BIAS VOLTAGES ARE APPLIED. 


TO PREVENT POSSIBLE ELECTRICAL SHOCK OR DAMAGE TO THE 
INSTRUMENT, CHECK LOCAL ELECTRICAL STANDARDS BEFORE SELECTING 
A POWER CORD. THE INFORMATION PRESENTED HERE MAY NOT BE 
CORRECT FOR ALL LOCATIONS WITHIN THE REFERENCED AREAS. 


WARNING 


TO AVOID PERSONAL INJURY FROM ELECTRIC SHOCK DO NOT REMOVE 
INSTRUMENT COVERS OR PERFORM ANY MAINTENANCE OTHER THAN 
DESCRIBED IN THIS MANDAL. INSTALLATION AND MAINTENANCE 
PROCEDURES DESCRIBED IN THIS MANUAL ARE TO BE PERFORMED BY 
QUALIFIED SERVICE PERSONNEL ONLY. | 


REMOVAL OF INSTRUMENT COVERS MAY CONSTITUTE AN ELECTRICAL 
HAZARD AND SHOULD BE ACCOMPLISHED BY QUALIFIED SERVICE 
PERSONNEL ONLY. 


TO AVOID ELECTRIC SHOCK FROM DANGEROUSLY HIGH VOLTAGES, USE 
THE FOLLOWING PROCEDURES ONLY WHEN TROUBLESHOOTING THE ANALOG 
AND DIGITAL CIRCUITS OF THIS INSTRUMENT. DO NOT USE THIS 
PROCEDURE TO TROUBLESHOOT THE POWER SUPPLY OR CRT CIRCUITRY. 


a 2 
2150/2160 


HANDLE THE CRT WITH CARE. ROUGH HANDLING OR SCRATCHING CAN 
CAUSE THE CRT TO IMPLODE. TO AVOID PERSONAL INJURY FROM 
IMPLOSION WEAR PROTECTIVE GOGGLES AND CLOTHING WHEN WORKING 
WITH THE CRT. ONLY WORK WITH THE CRT IF YOU ARE QUALIFIED TO 
DO SO. 


DISCONNECT ALL POWER TO THE INSTRUMENT BEFORE REPLACING 
COMPONENTS. FAILURE TO DO SO MAY RESULT IN ELECTRICAL SHOCK. 


THE CRT IS CAPABLE OF STORING A HIGH VOLTAGE CHARGE AFTER 
POWER HAS BEEN REMOVED. TO PREVENT PERSONAL INJURY FROM 
ELECTRIC SHOCK, USE AN OSHA OR UL APPROVED SHORTING STRAP TO 
DISCHARGE ALL HIGH VOLTAGE POINTS TO CHASSIS GROUND. THIS 
PROCEDURE MUST BE PERFORMED BY QUALIFIED PERSONNEL ONLY. 


TO AVOID ELECTRIC SHOCK FROM DANGEROUSLY HIGH VOLTAGES, USE 
ONLY INSULATED PLASTIC TRIM TOOLS TO PERFORM THE VIDEO 
ADJUSTMENTS DESCRIBED BELOW. 


BECAUSE OF DIFFERING POWER REQUIREMENTS, INSTRUMENTS SHIPPED 
OUTSIDE THE UNITED STATES MAY REQUIRE A DIFFERENT POWER CORD 
CONNECTOR. WHEN PLACING A NEW CONNECTOR ON THE POWER CORD, 
CARE MUST BE TAKEN TO ASSURE ALL THREE WIRES (E,N,L) ARE 
CONNECTED PROPERLY. THE GREEN OR GREEN-WITH-YELLOW-STRIPE 
WIRE IS ALWAYS CONNECTED TO EARTH GROUND (E).- THE WHITE OR 
LIGHT—BLUE WIRE IS CONNECTED TO THE NEUTRAL SIDE OF THE POWER 
LINE (N). THE BLACK OR BROWN WIRE IS CONNECTED TO THE HIGH 
SIDE OF THE POWER LINE (L). FIGURE 2-6 ILLUSTRATES THE 
AVAILABLE POWER CORD CONFIGURATIONS ACCORDING TO COUNTRY 
WHICH MAY BE USED IN VARIOUS COUNTRIES INCLUDING THE STANDARD 
POWER CORD FURNISHED WITH THE INSTRUMENT. 


WHEN PERFORMING ANY CALIBRATION OR MAINTENANCE OPERATION, DO 
NOT REMOVE OR REPLACE CIRCUIT CARDS WHILE THE POWER IS TURNED 
ON. FAILURE TO TURN POWER OFF MAY RESULT IN ELECTRIC SHOCK 
OR DAMAGE TO THE INSTRUMENT. 
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AVOID THE USE OF CHEMICAL CLEANING AGENTS WHICH MIGHT DAMAGE 
THE PLASTICS USED IN THIS UNIT. DO NOT APPLY ANY SOLVENT 
CONTAINING KETONES, ESTERS, OR HALOGENATED HYDROCARBONS. TO 
CLEAN, USE ONLY WATER SOLUBLE DETERGENTS, ETHYL, METHYL, OR 
ISOPROPYL ALCOHOL. 


THE BRIGHTNESS CONTROL LOCATED AT THE REAR OF THE INSTRUMENT 
CAN BE EASILY DISTURBED WHEN WRAPPING THE POWER CORD ON THE 
REAR FEET. VERIFY THE CORRECT SETTING OF THIS CONTROL BEFORE 
CONTINUING WITH ADDITIONAL ADJUSTMENTS. 


DO NOT USE AN OHMMETER SCALE THAT HAS A HIGH INTERNAL 
CURRENT. HIGH CURRENTS MAY DAMAGE THE DIODES UNDER TEST. 


IF THE INSTRUMENT IS PLACED WITHIN A STRONG MAGNETIC FIELD, 
THE VIDEO DISPLAY MAY BECOME PERMANENTLY DISTORTED. IF THIS 
CONDITION OCCURS, DEGAUSSING THE VIDEOBRIDGE CASE IS REQUIRED 
TO RETURN THE DISPLAY TO NORMAL OPERATION. THIS MUST BE DONE 
BEFORE CONTINUING WITH ADDITIONAL ADJUSTMENTS. 


USE OF ANY OTHER TOOL THAN THE RECOMMENDED HEX HEAD PLASTIC 
TRIM TOOL MAY RESULT IN ELECTRICAL SHOCK OR DAMAGE TO THE 
TUNING SLUG. 


DO NOT ATTEMPT TO LOAD OBJECT CODE TAPES USING 13 CODE. THE 
INSTRUMENT WILL BECOME “HUNG UP" AND MUST HAVE POWER SHUT OFF 
TO RESET. THIS CAN CAUSE LOSS OF DATA. 


DO NOT USE NEGATIVE TEST CODES IF NOT LISTED. ILLEGAL ENTRIES 
MAY CAUSE INSTRUMENT MALFUNCTION ALONG WITH LOST OR ALTERED 
DATA. IF THE VIDEOBRIDGE BECOMES "HUNG UP", POWER MUST BE 
SHUT OFF TO RESET. 
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S.4 


FORMATTING A TAPE DESTROYS ANY AND ALL DATA WHICH MAY HAVE 
BEEN PREVIOUSLY SAVED ON THE TAPE. 


DO NOT ENTER TEST CODE 6 OR TEST CODE -6 WITHOUT ZRAM OPTION 
INSTALLED. 


LOCATION OF WARNING LABELS APPEARING ON THE INSTRUMENT 
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CONTRAST 


WARNING DANGEROUS VOLTAGESY 


LINE AC, HIGH VOLTAGE, AND STORED DC ARE 
PRESENT INSIDE THIS COVER. 


TO AVOID RISK OF INJURY OR DEATH 
DO NOT REMOVE THIS COVER. 


A READ AND FOLLOW PRODUCT MANUAL 


CAUTION To prevent electrical shock, do not 
remove cover. Refer service to qualified 
personnel. For continued fire protection use 
same type and rating of fuse. Disconnect 
power input before replacing fuse. 


(DANGER) 
+ 
HIGH VOLTAGE 


USER SUPPLIED BIAS VOLTAGE (MODEL SP5240 ONLY) 
MAY BE PRESENT AT INSTRUMENT 
TERMINALS AND TEST FIXTURES 


Figure S-l1. Warning Label Locations 
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SECTION 1 
DESCRIPTION 


1.1 INTRODUCTION 


Model 2150 and Model 2160 Auto LRC Meters are two extremely 
versatile impedance measuring instruments. They feature variable test 
frequencies up to 150kHz, programmable test-signal levels, component 
sorting, and CRT displays. They measure inductors (L), resistors (R), 


capacitors (C), and display up to 16 impedance characteristics. 


The 2150/2160 LRC meter iS basically composed of a frequency 
selectable sinewave generator, a test-level regulator, precision 
range resistors, a phase-sensitive voltmeter, and a charge balancing 
analog-to-digital converter. All measurements, calculations, and 


displays are under the control of the 2150/2160's Z80 microprocessor. 


NOTE: Due to the extended frequency capabilities of the 
2150/2160, measurements above l10kHz (1kHz for capacitors) 
are sensitive to the position of test connections. We 
strongly recommend that you familiarize yourself with the 
sections in this manual concerning Connections to the 
Unknown and Test Leads vs. Test Fixtures (Sections 2.3.3 and 
2.3.4). We hope this will help you improve measurement 
reliability and utilize your VideoBridge more productively. 


All functions, procedures, and specifications listed in this manual 


assume a minimum of 10 minutes warm-up time. 
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The 2150/2160 


also offers a wide variety of test conditions: 


Test frequencies -- from 20Hz to 150kHz, 3023 total. 
(Section 2.5.1) 


Test signal levels -- from 5mV to 1500mvV or from O.1mA 
to 100mA. (Section 2.5.2) 


Preset Measurement Parameters -- choose from 3 preset 
combinations of settling time, integration time, and 
number of measurements averaged. Programmed for FAST, 
MEDIUM, or SLOW operation, you can select these 


combinations or enter your own. (Section 2.8.1) 


Settling times -- from 2ms to 1500ms (in lms steps). 
(Section 2.8.3) 


Integration times -- from 2ms to 600ms. (Section 
2.8.2) 
Measurement averages -- select from 1 to 20 


measurements to be averaged. (Section 2.8.4) 


Special measurement features built into the instruments include: 


Zero calibration -- The 2150/2160 performs zero 
calibration to measure and correct offsets for 
different settings of the test conditions mentioned 
above. The offset corrections for as many as four 
combinations of these settings are stored in memory. 
Each offset correction is recalled whenever’ the 
corresponding combination of settings is re-entered. 
This saves you the time of re-calibrating. (Section 
2 oe 
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. Display test level -- to the unknown. The actual test 
level supplied may vary from the programmed value 
because of mismatches that might occur when attempting 
to use constant voltage on a low impedance device or 
constant current on a high impedance device. (Section 
2s5s2) 


Sorting operations offer unique features both in ease of operation 


and diagnosing setup problems. These include: 


. Deviation -- from a nominal value is displayed in 


either absolute or percentage terms. (Section 2.6) 


. Component sorting -- characterizes components into ll 
tolerance categories, a major reject, or a minor 
reject while counting the number of components that 


fall into each category. (Section 2.7) 


. PASS/FAIL test -- indicators are displayed on the CRT 
for hand operated GO/NO-GO testing. (Section 2.7) 
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Mass storage for test parameter setups and measurement results is the 
feature that sets the Model 2160 apart from the Model 2150. The 2160 


has a cassette tape deck that uses mini-cassette tapes for storing 


and reloading test parameter programs 


applications programs. Cassette features 


. Directory -- of all files 


. Alphanumeric -- character 


along with STAT and ANALOG 


include: 
ona tape 


entry for file names 


. Autostart -- feature loads and executes a file 


automatically when instrument power is applied. 


(For more information, refer to Section 2.9 Cassette Tape Loader.) 


Communication interfacing -- the transfer of meaningful information 


between instrument and operator is the 


reason for the cathode-ray 


tube (CRT) display. The 5-inch CRT provides different measurement 


information utilizing two display formats: 


1 -- In the direct display format, the 


CRT provides large easy-to- 


read alphanumeric characters to highlight up to 6 digits of 


measurement information, and small alphanumeric characters to 


display the settings for frequency, nominal value, measurement 


mode, test signal level, settling 


number of measurements averaged. 


time, integration time, and 


> -- In the status display format, the instrument simultaneously 


displays + and - limits for all component tolerance bins, and 


their component counters capable of up to 65535 counts for each 


bin. 


NOTE: In the direct display format, some measurement values 
may contain half-sized zeroes. These appear to the right of 


the last significant digit due 


resolution. For example, when a 


to factors affecting 
D factor of .00012 is 


displayed in parts per million, it becomes 120 ppm-D). 
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One to six digits of measurement information can be displayed on the 
CRT. The number of digits displayed is related to the resolution 
contained in the A/D conversion process. More commonly, the number of 
digits displayed depends upon selectable factors such aS measurement 
speed, test frequency, and impedance range. Of these, measurement 
speed has the greatest effect on number of digits displayed: more 


digits require more time. 


A special test mode (27 CODE) allows display of more digits at faster 
speeds if desired. However, these expanded readings may not improve 


true measurement resolution due to actual sSignal-to-noise ratios. 


The Model 2150/2160 offers maximum flexibility with a wide range of 
options. Many options are field installable and are designed to tailor 
instrument operation to specific testing requirements. They operate as 
stand-alone benchtop testers or can be used with auxiliary handling 


equipment to fit easily into sophisticated automatic testing systems. 


NOTE: The RS-232C Interface capability comes standard on 
the Model 2160 VideoBridge and is located on the same board 
as the cassette control circuitry. Since the Model 2150 
VideoBridge has no cassette control circuit, the RS-232C 
Interface is available as a field installable option kit, 
P/N 46724. 


RS-232C Interface circuit operation is the same for each 
model, however and is described in Section A.2. 
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1.2 SPECIFICATIONS 


1.2.1 Electrical Specifications 


Measurement Functions: 


TOP DISPLAY FUNCTIONS 
Cp Lp Rp Gp Xp Bp D QY Z Cs Ls Rs Gs Xs Bs 


PARALLEL: 
EQUIVALENT 


xX \ 
SN CIRCUIT 
p 
D POSS 
BOTTOM ESSER 
DISPLAY ssssoconeseseseees 
FUNCTIONS ~ N seereecesenneses 
AN : 3 
. Yj, SERIES 
EQUIVALENT 
Gs CIRCUITY, 
Xs 
Bs 


NOTE: Any top display can be displayed with any bottom 
display within the shaded areas. 


Display Characteristics: 5-inch CRT, direct and status formats, 
interchangeable positioning of major and minor functions, 2 sizes 


of alphanumeric characters. 


eee, 
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Table 1-1. Capacitance Measurement Accuracy 


XC 
100 MQ 


1OMQ 


IMQ 


100 kQ 


ff 


1OkQ 


Le ae 


1kQ 


100 22 


| 


100 mQ 


1OmQ 


imQ 


100 pQ 


20Hz l00Hz lkHz 1OkHz 1O0kHz 
FREQUENCY 


1 


8 


* ( 0.01pF 


fcr} + 0.01 


* * 0.02% at 1kHz from Approximately 
VnF to 10pF 


If D>1, add [0.05% (1 +0,.3D")| 


to accuracies shown 


TEST CONDITIONS: 


Level -1000mV/100 mA 
Speed -Medium t 

Range -Auto 

Bias - Off 

Zero -Calibrated 


Connections -Fully Shieldedtt 


V = BOOmV to 1500mV 
test 


| = 50mA to l00mA 
test 


For Vi ose <800mV Multiply Basic Accuracy 
300 kHz 
ey (+ 200) (1 + He 


For lest <50mA (Z> 162) 


300 
Multiply Basic Accuracy by (1 + mA x 7a) 


For Vo <50mA (Z £16) 


Multiply Basic Accuracy by (1 + 2) 


+t Accuracy specification applies to Medium and 
Slow Speed. If Fast Speed, add 0.05% to 


accuracies shown. 


tt Properly shielded test leads and connections to 
the unknown are required to achieve specified 
accuracy. 
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Table 1~2. Inductance Measurement Accuracy 


INDUCTANCE XL 


* / 0.0luH 
+ (—————. + 0.01yH 


‘ee f (kHz) 

If D>1, add [0.19% (1+0.30")| 

IMQ P 

to accuracies shown 
100 kQ 
TEST CONDITIONS: 
Level -]1000mV/100mA 
Speed -Medium t 
1OkQ Range -Auto 
Bias - Off 
Zero -Calibrated 
Connections -Fully Shielded* t 
TkQ 
1000 M at = 800mV to 1500mV 
= 50mA to 100mA 
test 
For Vics <800mV Multiply Basic Accuracy 
10Q 
300 kHz 

1Q For Io, <50mA (Z > 16Q) 

Multiply Basic Accuracy by (1 am) 

100 mQ 

For lot <SO0mA (Z £162) 
eG Multiply Basic Accuracy by (1 + 2) 
ImQ «ie : ; ‘ 
t+ Accuracy specification applies to Medium and 
Slow Speed. If Fast Speed, add 0.05% to 
accuracies shown. 

100 y2 tt Properly shielded test leads and connections to 
the unknown are required to achieve specified 
accuracy. 

20Hz 100Hz lkHz 10 kHz 100 kHz 
FREQUENCY 
1-9 
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RESISTANCE 
10nS 


10kQ 


100 Q 


102 


5% *¥* 


1% ** 5% ** | 10%** 
ee ie 
To ite fa 


10mQ 


TmQ 


20Hz 100Hz lkHz lOkHz 


FREQUENCY 


100 kHz 


1 


CONDUCTANCE 


Resistance/Conductance Measurement Accuracy 


*+[0.1nSxF(kHz)+0.5n5] 


**+[0.01 mQXf(kHz)+0.1 mo] 


* EXO 02% at 1 kHz for 10Q to 100kQ 


10 


IF Q>1, add [0.1% (14+0,302)| 


to accuracies shown 


TEST CONDITIONS: 


Level -1000mV/100 mA 
Speed ~Medium tf 

Range -Auto 

Bias ~ Off 

Zero -Calibrated 


Connections -Fully Shieldedtt 


Mag * 800 mV to 1500 mV 
| = 50mA to 100mA 
test 
For V <800 mV Multiply Basic Accuracy 


tesf 


For rr <S0mA (22> 160) 


300 
Multiply Basic Accuracy by ( *7TAx 210 7) 


For |iost <50mA (Z £16) 


Multiply Basic Accuracy by (1 + 2) 


t Accuracy specification applies to Medium and 
Slow Speed. If Fast Speed, add 0.05% to 


occuracies shown. 


tt Properly shielded test leads and connections to 
the unknown are required to achieve specified 
accuracy. 
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Pr 


TEST LEVEL 


RANGE —e 2 


E 


YOO RA 


CONSTANT 
VOLTAGE 
RANGES 


1M 


100k 


10k 


8 


o.9 88. 
arene a”. 


B (SIEMENS) 


R, Z, X (OHMS) 
f 


G, Y 


CONSTANT 
CURRENT 
RANGES 


100m 


10m 


itm 


UP SCALE DOWN SCALE 


RANGE RANGE RESISTOR NUMBER i 
POINTS POINTS VALUE = — 


MILLIAMPERES ) | 100 


5 ea Nay er o  * mm eat 


Table 1-4. Impedance Ranges vs, Test Signal Level (typical at 1kHz) 


MILLIVOLTS Z (OHMS) Z (OHMS) 


10M O.lp 


100 y 


10m 
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ees % 
NDS? 1048 BS? A OND) CHB STN Py LY 


er? 
NO AKAD 
“pt tg C 
SOE% ce 


ee nee oe 


Capacitance (Medium, Slow speed): +/- 0.00025(1+D7)+ 
ae Inductance (Medium, Slow speed): +/- 0.00035(1+D7)+* 
oe Capacitance (Fast speed): +/- 0.0005(1+D~)* 
Inductance (Fast -speed): +/- 0.0005(1+D7)* 
DE 7 Mage © adcumacey =~ = = : 
E 2 Beast : ; 1 A 
: All Components (Medium, Slow speed): +/- 0.035 |Q ti9])|% 
| | At oe 
All Components (Fast speed): +/- 0.05 |Q eo) 9 
! 
z a , 
; e : *Correction Factors 
Le 
: For HI Z (2 > 10MQ) add 0.0005 (2 Toxa—) to basic D or Q accuracy 
& For LO Z (Z < 1) add 0.0005 (25) to basic Dor Q accuracy 
~ Z (inQ) 


For Frequencies < 200Hz multiply basic D or Q accuracy 


s 60 
Ss 
. Page in Hz 
For Prequencies >» 1l0OOHz and < 10kHz multiply basic D or Q accuracy 
F in =) 


. test 
oy (2 * "3000 


.Por Frequencies > 10kHz multiply basic D or Q accuracy 
i wk 


agit | eS in kHz ee Re kO 
by py atest = li+0—=S—_—___——— 
: 3 100kQ 
For Leelee < 800mV multiply basic D or Q accuracy 
by (2 + meg cia il 
test (in mv) 
For Teast < 100mA multiply basic D or Q accuracy 
- ( . 300 ) 
a {in mA) x Z (in Q) 
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ee re 


1O0kHZ D ACCURACY 


Capacitance; Ranges 0-2 (> 319pF); Medium, Slow speed: 
+/-0.003(1+D*) | 

Capacitance; Ranges 0-2 (> 319pF): Fast speed: 

+/- 0.005(1+D*) 


Capacitance; Range 3 (< 319pF); Medium, Slow speed: 
+/- 0.008(1+D*)* 

Capacitance; Range 3 (< 319pF); Fast speed: 

+/- 0.01(1+D°)* 


lOOkKHZ ESR ACCURACY 


ESR accuracy (at 100kHz) = [D accuracy (at 100kHz) x XS ok + 1.0mQ 


aoe 


* 100kHz D Correction Factor 


Le < 30pF, multiply 100kHz accuracy by 1 + 


unk C 
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TEST SIGNALS 


Frequency: 


Accuracy: 


Level Set 
Voltage Level: 


Accuracy: 


Current Level: 


Accuracy: 


EXTERNAL VOLTAGE BIAS 


Voltage: 


Fuse: 


LOADS TO GUARD 


a 


3023 programmable steps between 
20Hz2 and 150kHz. 


t = 60kHz/N, Where: Ny is an 
integer l< Ny <3000 


OR 
f = 300kHz/N. Where: N, is an 
integer 2< No < 30 


+/- 0.01% 


SmV to 1500mV RMS in lmV steps 


+/- (4% of set value + 2mvV) 


O.lmA to 100mA RMS in O.1mA 
steps 


+/- [4% of set value + (2/R)mA] 
where R = value of the range 
resistor (in ohms) for range of 
measured part (10< R <10,000). 


+50VDC maximum (+200V optional) 


O.5A, 250V, 3AG Fast Blow 


Total load impedance (Z) to the 
guard point must be greater 
than or equal to the impedance 
of the device under test. 


2150/2160 


INPUT PROTECTION 


The 2150/2160 input terminals have a circuit which prevents damage to 
the instrument if a charged capacitor is connected to these terminals. 


Protection limits can be calculated from the equation: 


_ 2 2 
VMAX ~ C CMAX > 9 
V 

Where V = capacitor voltage in volts 


capacitor value in farads 
The protection circuit allows a maximum energy of 1 joule up to a 
maximum voltage of I1kV. Table 1-5 below gives examples of maximum 


voltages for various capacitance values. 


Table 1-5. Input Protection Limits 


1kV O to 2uF 
315V 20uF 
1OOV 200uF 
31V 2mF 
1OV 20mF 
3V 200mF 
1vV 2F 


When limits are exceeded (above 100V), the fuse on the rear panel will 
burn out and must be replaced with a 0.5A 3AG Fast Blow fuse. TO 
PREVENT POSSIBLE DAMAGE TO THE INSTRUMENT, USE ONLY THE PROPER 
REPLACEMENT FUSE. 
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MEASUREMENT SPEED 


NOTE: To determine overall Measurement Speed, test conditions 
must be specified (e.g. test frequency, test signal level, 
value of component, etc.). Display mode, measurement mode 
and external devices also affect measurement speed. For a 


detailed description on calculating measurement speed, see 
Section 2.8. 


NOTE: Three preset combinations of Integration Time, Settling 
Time, and Measurement Averages are available. The FAST, 
MEDium, and SLOW keys provide quick, convenient selection of 
these combinations. Approximate speeds for these combinations 
under some typical modes of operation are listed. 


NOTE: The following speeds are for the following test 


conditions: test frequency -- l1kHz, test signal level -- 
1000mV, value of component-under-test -- I1InF, measurement 
mode -- Continuous (except where noted) ranging status -- 


RANGE HOLD. 


Medium 
lon 


DIRECT SORT and GO/NO-GO HAND LER* 


= ~6/second 

FAST 4 measurements/second | ~11measurements/second 
MEDIUM | ~2 measurements/second | ~2 measurements/second | ~2 measurements/second 
SLOW ~5 seconds/measurement | ~5 seconds/measurement | ~5 seconds/measurement 


*Single mode only, 8 CODE enabled 
**2ms SETL, 2ms |.T., frequency 2500 Hz 


NOTE: For remote GPIB measurements, add 350ms per measurement 
for FAST and SLOW, 400ms for MEDium. 
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1.2.2 Environmental Specifications 


HUMIDITY 
Operating: 


Storage: 


TEMPERATURE 


Operating: 


Storage: 


1.2.3 General Specifications 


POWER REQUIREMENTS 


Line power: 


Powerline Fuse: 


Power Consumption: 


DIMENSIONS 


Height: 
Width: 

Length: 
Weight: 


20% to 80% Relative 


0% to 90% Non-Condensing 


10°C £6 45°C 
(50°F to ils*F) 


~40°C to 71.1°C 
(-40°F to 160°F) 


90-132VAC (115 nominal) 48/66Hz 
180-250VAC (230 nominal) 48/66Hz 


2A, 250V Slow Blow (3AG) for 
115VAC 

1.6A, 250V Slow Blow (5 x 20mm) 
for 230VAC 


1OOW maximum 


144mm (5.7 in.) with feet 
384mm (15.1 in.) with handle 
559mm (22 in.) with handle 
14.5kg (32 1b) 
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1.2.4 Cassette Specifications (2160 


Tape Cassette Type: 


File Storage Information: 


Storage Capacity: 


i 
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Only) 


Braemar Computer Devices Type 
CMC-50 (50ft long) 


All displayed measurement 
parameters, binning limits, 
and bin counter information; 
also, test conditions, alpha- 
numeric file names, and nom- 


inal values 


2 sides per tape, each side 
with the following 
specifications: 

80 blocks per 50 foot side 

256 bytes per block 

6 blocks per file (minimum) 

13 file entries per side (this 


is a maximum number and may be 


decreased by large files) 
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1.3 OPTIONS AND ACCESSORIES 


1-3-1 Accessories (must be ordered separately unless indicated) 


ESI Part No. 


Model 2001 Sorting Fixture, 4-terminal (requires 4 32001 
five-foot BNC-to-BNC cables) 


Model 2003 Sorting Fixture, 4-terminal (requires 4 32003 
five-foot BNC-to-BNC cables) 


Model 2004 Zero Insertion Force Sorting Fixture, 32004 
4-Terminal (requires 4 five-foot BNC-to-BNC cables) 


Model 2005 Chip Tweezers, 4-Terminal (for chip components) 32005 
BNC-to-BNC Cable Assembly (five foot length, set of 4) 53155 


BNC to KELVIN KLIPS® cable assembly (shipped with all 47454 
Model 2150's and 2160's) 


Alpha Character Keyboard Overlay (shipped with all 55413 
Model 2160's) 


Statistics Application Software Kit (available 55104 
for 2160 only) 


Analog Application Software Kit (available for 2160 only) 55103 


Cassette Tape, blank and formatted (2160 only) 55852 
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1.3.2 Options (factory installed only) 

ESI Part No. 
Non-Volatile Memory ZRAM 55843 
+200V DC Bias capability SP5240 


NOTE: Contact your ESI sales representative for details on 
upgrading instruments purchased without factory options. 


1.3.3 Options (field installable) 

ESI Part No. 
General Purpose Interface Bus (IEEE-488 ) 46725 
RS-232C Interface (2150 only) | 46724 
Handler Interface Options* 


1. "General" -- For interfacing to Engineered Automation, 


Q Corporation, Ismeca, Systemation, Heller, and other 


handlers 47895 
2. "Daymarc" -- For interfacing to Daymarc Type 147 
and 149 handlers 47896 


3. "MCT Browne" -- For interfacing to MCT Browne handlers 47897 


NOTE: Model 2160 can take only one of the following field 
installable options: GPIB or Handler Interface. Model 2150 
can take only two of the following options: RS-232C, GPIB 
or Handler Interface. 


Consult factory for interface to other handlers 
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SECTION 2 
OPERATION 


2.1 FRONT PANEL CONTROLS AND INDICATORS 


SAVE CAL 


SER AUTO 


| ee 


ES = 
ea | ™ v/ 
i @ “noi 
\ «(8 


Figure 2-1. Model 2160 Front Panel 


2.1.1 Keyboard and Key Definitions 


The Model 2150/2160 keyboard has 32 keys to control all instrument 
operations. Many of the keys have labels for more than one function. 
The functions labeled in white are selected by pushing the key 
directly above it. Alternate functions, labeled in blue, are selected 
by pushing the blue key followed by the key directly below the desired 


function. The following list defines each key function. 
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Measurement Controls 


Single measurement mode key makes one 


(grey key) 


measurement - and holds the displayed 
S6L result. The BIN counter is updated for 
each measurement made (regardless of 


operational mode selected). 


Continuous measurement mode key auto- 


matically starts a new measurement as 


(grey key) 


soon as the present measurement is 


finished. BIN counters are not updated. 


Series equivalent circuit key, in con- 
junction with the measurement function, 
SER selects the equivalent circuit element of 


the unknown component to be measured. 


Parallel equivalent circuit’ key, in 
conjunction with the measurement 
PRL function, selects the equivalent circuit 
element of the unknown component to be 


measured. 


| Zero correction key. Stores L, R, C, and 

_ G zero correction values to compensate 
for test fixture reactance (L and C) and 

loss (R and G) components. Prompts user 


to close and open test fixture for 5 


range calibration process. 


Range Hold key allows rapid checking of 


many components in the same range. 


HOLD 
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Measurement Controls (cont) 


AUTO 


(blue key) 


DISPLAY CONTROLS 


XCHG 


STAT 


SORT 


Auto key returns unit to autoranging 
mode. Autoranging is automatically 
selected when the instrument is first 


turned on. 


Upper function key selects functions 
labeled in blue. 


Exchange key interchanges the top 
measurement display function with the 
bottom display function. One exchange 


takes place for each push of the key. 


Status key toggles the display between 
binning (status) display format and the 
previous format. The display format 


changes once for each push of the key. 


Sort key enters the instrument into the 
component sorting mode. Display indicates 
bin number or bin R (for reject) for each 
component measured. The Bin Counter is 
activated only in the SINGLE measurement 


mode. 
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Display Controls (cont) 


DEV 


DIR 


DEL 


Impedance Functions 


UvuUvt 


Deviation (display) key enters the 
deviation measurement mode. After a 
nominal value is set, the top measurement 
Gisplay will indicate absolute or percent 


deviation from the nominal value. 


Direct (display) key puts the instrument 
into normal (direct) display operation. 
Takes display out of: Auto LRC, GO/NO-GO, 


Deviation, and Status modes. 


Delete key erases the last character 
entered; does not affect previously 


entered data. 


Quality Factor key selects the QO measure- 
ment function as the bottom display 


function. 


Dissipation factor key selects D measure- 
ment function as the bottom display 


function. 


Capacitance function key selects F 
(farads -- units of capacitance) as the 


top display function. 


Inductance function key selects H (henrys 
~~ units of inductance) as the top 


display function. 
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Impedance Functions (cont) 


G/R 


Y/1 


B/X 


Conductance(G) / Resistance(R) function 


key selects S (siemens -- units of 
conductance) or & (ohms -- units of 
resistance) as the bottom display 
function. R is normally displayed in 


the series equivalent circuit mode, and 
Ro is displayed in parallel equivalent 
circuit mode. G. can be selected by 
pressing the G/R key a second time while 
in series circuit mode. G can be 
selected by pressing the G/R key a second 


time while in parallel circuit mode. 


Admittance(Y) / Impedance(Z) function key 
selects either S (siemens -- units of 
admittance) or Q (ohms -- units of 
impedance) as the top display function. 
Z is normally displayed in series and 
parallel equivalent circuit modes. Y is 
displayed in either mode by pressing the 
Y/Z key a second time. 


Susceptance(B) / Reactance(X) function 
key selects either S (Siemens -- units of 
susceptance) or Q (ohms -- units of 
reactance) as the top display function. 
X is normally displayed in_- series 
equivalent circuit mode, and Ky is 
displayed in parallel equivalent circuit 
mode. B is displayed by pressing the B/X 
key a second time in series mode, while 
BS is selected by pressing B/X a second 


time in parallel circuit mode. 
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Cassette Functions (2160 Only) 


LOAD 


SAVE 


Load function key re-programs the instru- 
ment with measurement parameters stored 


on the cassette tape. 


Save function key stores the instrument's 


parameters on the cassette tape. 


Deviation and Limits Functions (a = numerical argument precedes key) 


BIN # 


NOM 


MINOR 


ENTER 


(a)Bin number key selects the bin for 


which limit values will be entered. 


(a)Nominal value key is used to enter a 
comparison value for deviation or sorting 
measurements. Entering a nominal value 
resets all bin counts to zero (see 


Section 2.6.1 for more information). 


(a)Minor limit key is used to enter a 
maximum or minimum reject limit for the 
secondary function when programming 
limits for the sorting mode. For Q and 
siemen values, the entry will be a mini- 
mum limit. Entries for D and ESR will be 


maximum limits. 


Enter key is used aS a_= space bar. 
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Deviations and Limits Functions (cont) 


% 


ABS 


Test Frequency and Level 


Hz 


anal 


mV 


U 


mA 


U 


(a 


Percent mode key is used 1) to select 
percent DEViation display to show 
deviations from the nominal value, 2) to 
change STATUS page to set limits in 


percent. 


Absolute mode key is used 1) to select 
absolute DEViation display to show 
deviations from the nominal value, 2) to 
allow limits on STATUS page to be set as 


absolute values. 


= numerical argument precedes key) 


(a)Frequency key enters a desired test 
frequency in hertz (H2). Available 
freguencies below 10kHz are found by F = 


60kHz/N, Where: N) is an integer 1 < N, 


< 3000. Frequencies above lOkHz2 are 


found by F = 300kHz/N. Where: N, is an 
integer 2 < Ny < 30. See Section 2.5.1 
for more details concerning test 


frequencies. 


(a)Test voltage level key enters a test 


voltage from 5mV to 1500mV in ImV steps. 


(a)Test current level key enters a test 


current from O.lmA to 100mA in O.1mA 


steps. 
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Measurement Time (a = numerical argument precedes key) 


SFTL (a)Settling time key enters a time in 
milliseconds. After initiating a mea- 

= surement, the instrument waits the 
selected time then starts the 


measurement. Settling times from 2ms to 


1500ms can be entered in lms steps. 


1. (a)Integration time key enters a time in 
La milliseconds. This determines the number 
of test cycles performed on the device- 

under-test. Short integration times are 

less accurate than longer times and allow 

less measurement resolution. Integration 


times range from 2ms to 600ms_ (see 


Section 2.8.2 for more information.) 


AVG (a)Average measurements key enters the 

at number of measurements (1 to 20) to be 
averaged for the result displayed. 

FAST MED SLOW Fast, Medium, Slow keys choose pre- 

selected values of Settling Time, 

all Integration Time, and number of meas- 


urements averaged. 


NOTE: Overall measurement speed is also dependent upon such 
factors as test frequency and display mode. See Section 2.8 
for a complete description of measurement speed calculation. 
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Numerical and Unit Multiplier Keys 


lo 
a 


= 
= 
= 
olen 


Test Code Selection 


CODE 


Multiplier prefix keys modify the basic 


units programmed. m = milli, k = kilo, 
M = mega, p = pico, n = nano, and 
u = micro. 


Number keys are for keyboard entry of 
desired numerical arguments or data into 


the instrument. 


numerical argument precedes key) 


(a)Code key enables special functions not 
directly available on the VideoBridge 
keyboard. Pressing <blue> <CODE> displays 
the list of test code numbers and names 
on the CRT. 
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2.1.1.1 Test Codes 


Test codes provide a means by which additional functions, not 
available directly on the keyboard, can be entered to further enhance 
the operation of the VideoBridge. Table 2-1 lists these functions and 
their programming codes. The procedure for programming the test code 


functions is as follows: 


STEP 1. Push the number key or keys representing the desired function 
from the list in Table 2-1 (for negative test codes, press 


the minus sign, <->, before pressing the number key.) 
STEP 2. Push the blue key. 
STEP 3. Push the CODE key. 


Example: Turn ON Bias (test code 1) 
CODE 


csr CORQUY 
1 


Table 2-1 is a list of these functions. All test codes apply to both 
the Model 2150 and Model 2160 unless otherwise stated. Numbers in 
parenthesis following a test code refer to the manual sections where 


further information may be found. 


DO NOT USE NEGATIVE TEST CODES IF NOT LISTED. ILLEGAL ENTRIES 
MAY CAUSE INSTRUMENT MALFUNCTION ALONG WITH LOST OR ALTERED 
DATA. IF THE VIDEOBRIDGE BECOMES "HUNG UP", POWER MUST BE 


SHUT OFF TO RESET. 


DO NOT ENTER TEST CODE 6 OR TEST CODE -~6 WITHOUT ZRAM OPTION 
INSTALLED. 
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Table 2-1. Model 2150/2160 Test Code Functions 


TEST CODE NO. FUNCTION 


Di a cea a ad ———— namie nea 


CODE Pushing <blue> <CODE> displays the list of test 


code names on the CRT display: 


1 BIAS 15 BIN PRIORITY 
2 RESET BINS 16 ANALOG BUSY 
3 FORMAT TAPE 17 AUTO-LRC 
4 PPM-D 18 (9) TO TAPE 
5 RANGE HOLD 19 FILE NAME 
6 Z-RAM 20 ALPHA KB 
7 EDITION/BOOT 21 GO/NO-GO 
8 HANDLER MODE 22 UN-CAL 
9 KEYBOARDLOCK 23 GPIB/PET 
10 OUTPUT CH-B 24 GPIB ADDR 
ll STATUS>CH-B 25 GEN-REV 
12 TAPE DIR. 26 BIN#+VALUE 
13 LOAD SOURCE 27 MIN DIGITS 
14 TAPE DELETE 28 --- 


(This table is continued on the following pages.) 
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Table 2-l. 


TEST CODE NO. 


FN Pa RR a 


1 and -l 


4 and 


Model 2150/2160 Test Code Functions (cont) 


FUNCTION 

ss. 
BIAS. Bias voltage is ON (capacitor measurements 
with voltage bias). To remove the bias voltage 


from the device-under-test use -l CODE (2.10). 


RESET BINS. All bin counters are set to 
zero--also clears counts in Non-Volatile Memory 
(2.745) « 


RESET BINS. All bin counters and limits are set 
to zero--also clears limits and bin counters in 
Non-Volatile Memory (2.7.5). 


FORMAT TAPE. Erases and formats cassette tapes-- 
Model 2160 only (2.9.3). 


PPM-D. 4 CODE enables dissipation factor display 
in parts per million (ppm). Half-sized zeroes 
appear to the right of significant digits to 
indicate proper ppm D value (e.g. .00012 D = 120; 
ppm D). -4 CODE clears this mode (2.4.1). 


RANGE HOLD (Automatic). The instrument will auto- 
range until it ‘measures a part which is within 20 
percent of a specified value, then enter the 
RANGE HOLD mode without further operator 
intervention. Value argument must be entered 
first. Percent limit is also selectable 
(2.54 3ea)% 
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Table 2-l. 


TEST CODE NO. 


eT a 


6 and -6 


Model 2150/2160 Test Code Functions (cont) 


FUNCTION 

a SS SS 
Z-RAM. Memory Backup--when the  Non-Volatile 
Memory option is installed, the VideoBridge saves 
set-up and bin count information during a line 
voltage failure or after a normal power down. 
Data storage is enabled by test code 6, and 
stored data is recalled by test code -6. DO NOT 
USE UNLESS NON-VOLATILE MEMORY OPTION Is 
INSTALLED (A.3). 


EDITION. The screen readout will show the version 
number and date of the instrument's software. 
Also, installed RAM (Random Access’ Memory) 
capacity will be indicated as 4k for Model 2150 
or 16k for Model 2160. 


BOOT. The instrument automatically returns to its 
power up conditions, which is useful for remote 


programming (2.3.2). 


HANDLER MODE. Locks out the keyboard when handler 
interface option is installed. The display will 
read "NOW IN HANDLER MODE." The display is not 
active under this code. To de-activate this mode, 
temporarily ground Pin 21 of the Handler 


Interface rear panel connector (2.7.6, A.1). 


HANDLER MODE. Sets the VideoBridge to a special 
Handler routine displaying BIN number’ while 
locking the keyboard (2.7.6, A.1). 
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Table 2-1. Model 2150/2160 Test Code Functions (cont) 


TEST CODE NO. 


9 and -9 
10 and -10 
ll 
12 


FUNCTION 

Reg ee RS ITE TT SEN TE EE I TI NE DE a EE A EN DORE ETD 
KEYBOARD LOCK. 9 CODE locks all the keys except 
the SINGLE key. -9 CODE unlocks the keyboard. 
The keyboard may also be unlocked by one of the 


following methods: 


1. Ground pin 21 on the Handler Interface rear 


panel connector. 


2. Type "UNLOCK" through the GPIB Interface. 


3. Type "UNLOCK" through Channel B of the 
RS-232C Interface (Appendix A). 


OUTPUT CH-B. 10 CODE outputs measured results 
through Channel B of the RS-232C Interface at the 
end of each measurement cycle. -10 CODE clears 


the remote output command (A.2.1.2). 


STATUS>CH-B. 11 CODE outputs status information 
from both the direct display and the status 
display of the VideoBridge through Channel B of 
the RS-232C Interface (A.2.9.1). 


TAPE DIR. Displays the table of contents for a 
tape (2160 only). The filenames will be listed 
with the starting block to the left of the file- 
name (2.9.4.1). 
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Table 2-l. 


TEST CODE NO. 


13 


14 


15 and 


16 and 


17 


-~15 


-16 


Model 2150/2160 Test Code Functions (cont) 


FUNCTION 
LOAD SOURCE. Load source code applications 
programs for Model 2160 (2.9.6.1). 


TAPE DELETE. Deletes a specified file for Model 
2160 only (2.9.6.2). 


BIN PRIORITY. Redefines the binning priority when 
sorting capacitors. When a minor reject is 
detected, the VideoBridge makes an additional 
comparison to separate open-circuit parts into 
Bin O instead of Bin R. -15 CODE clears this mode 
(2e7e7 Js 


ANALOG BUSY. The Analog Busy signal (or End of 
Conversion, EOC) is enabled for use with the 
Handler Interface Option. This mode allows the 
handler to advance to the next component for 
testing while calculations are still being made 
on the previous device-under-test. To clear this 
mode, use -16 CODE. Do not use 16 CODE unless Bin 
11 limits have been set to zero (A.1.3). 


AUTO LRC. The bridge will autorange and select 
the proper function for the component connected. 
Test frequency, test level, measurement speed, 
measurement mode (single or continuous) and 
equivalent circuit remain as programmed. To exit 
this mode, press any impedance measurement 
function key, any display mode key, or the HOLD 
key (2.3.2.) 
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Table 2-l. 


TEST CODE NO. 


18 


19 


20 and 


21 


22 and 


23 and 


-20 


-22 


-23 


Model 2150/2160 Test Code Functions (cont) 


FUNCTION 

eS GR a I TE SI ET SN EY IT TIO TILL RAL ELIS TEATS LE EL TEL OT STE OD, 
(9) TO TAPE. Saves keyboard lock (9 CODE) to tape 
on the Model 2160. To unlock the keyboard after 
the tape file has been loaded, use -9 CODE 
(2. 9.5.3) 


FILE NAME. Displays filename of last file loaded 
on the Model 2160. Upon entering this code, the 
VideoBridge will display: [FILE= filename] 
(2.9.6.4). 


ALPHA KB. 20 CODE redefines the main VideoBridge 
keyboard to include full alphanumerics. To clear 
the alpha keyboard mode and return to the normal 
(default) keyboard mode, use -20 code (2.1.1.2) 


GO/NO-GO. The GO/NO-GO mode displays PASS or FAIL 
symbols on the CRT display (2.7.8). 


UN-CAL. Temporarily removes "CALIB" condition 
from present test setup. Zero correction offsets 
are recalled when either the test frequency or 
the test level for that setup is re-entered. -22 
CODE permanently erases all stored zero offset 
values (2.3.5). 


GPIB/PET. The SRQ line is reset when the 
VideoBridge is addressed as a talker. To clear 
this mode, use -23 CODE (A.2.16.3). 
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TEST CODE NO. 


24 


25 and 


26 and 


27 and 


28 


-25 


~26 


-2/ 


Model 2150/2160 Test Code Functions (cont) 


FUNCTION 

LE a I I TTI TIE TST I LS I TE OTIS SEITE TS EE DEL LI NNT BIA EEE ETI ETI IES, 
GPIB ADDR. With the GPIB option installed, the 
instrument will display the address setting of 


the switches on the GPIB circuit card--P/N 46114 
(A.2.8). 


GEN-REV. Enables generator reversal for 
frequencies below 200Hz for noise reduction. -25 
CODE (default condition at power-up) disables 
generator reversal below 200Hz, allowing faster 
measurement speeds. Entering FAST measurement 
mode also disables generator reversal (2.8, 
oe ee ee a 


BIN # + VALUE. Top and bottom measurement values 
are displayed in small characters while in SORT 


mode. To clear this mode use -26 CODE (2.7.6). 


MIN DIGITS. Allows the number of digits displayed 
to exceed limits normally applied by the 
VideoBridge. When preceded by a number between 1l 
and 6, this test code causes at least that number 
of digits to be displayed. -27 CODE programs 1 as 
the minimum digits displayed (1.1). 


Not used. 
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2.1.1.2 Keyboard Overlay (2160 Only) 


The Keyboard Overlay (P/N 55413) is used in conjunction with 20 CODE 
to redefine the main keyboard of the VideoBridge for full 
alphanumerics. The principal use of these characters is for entering 
names of cassette files. These names are listed on the tape directory 
(12 CODE) and are also used when storing and retrieving measurement 
data on the tape. For more information on using 20 CODE and the 
Keyboard Overlay to create tape file names, refer to section 2.9.5 of 


this manual. 


NOTE: The Keyboard Overlay is silkscreened on both Sides. 
One side has the original keyboard functions. The other side 
has the new alphanumeric keyboard functions. Under normal 
operation, the overlay can be stored over the main keyboard 
with the original keyboard function face up. When the 
alternate keyboard function mode is selected, the overlay can 
be turned over to reveal the new alphanumeric functions. All 
discussion in this manual regarding the alternate keyboard 
function mode assumes the overlay is stored on the keyboard. 


The Statistics and Analog applications programs use their own keyboard 
overlay. Each of these overlays is extended to fit over the 12 
auxiliary keys as well as the main keyboard. When uSing STAT or 
ANALOG, these 12 keys on the righthand side of the keyboard are also 


redefined to display the appropriate applications program function. 


STAT keyboard overlay--P/N 55410 
ANALOG keyboard overlay--P/N 55412 


2- 18 
2150/2160 


The Alternate Keyboard layout 


is as follows: 


LOAD SAVE * CODE 
: oo 
8 C D 


aaaaa 
aAaaad 


=... 


ENTER S6l 


ELE end Se te 
H\\ |e gg SHAF., | v/ 
.pooic ’ — ee 
iN s ——a =\ 
> < 
@ 


Figure 2-2. Model 2160 Front Panel with Overlay 


Many keys on the keyboard have more than one function. A function 
labeled in white is selected by pushing the key directly above the 
label. An alternate function, labeled in blue, is selected by pushing 
the blue key followed by the key directly below the desired function. 


The following describes each key. (See Section 2.9.5) 


KEY DEFINITION 
eS SESS ee 
A-Z Letters for entering tape filenames. Each character is 


echoed on the CRT as it is entered. 


+,-, * Plus, minus, and asterisk keys for entering tape 
filenames. Each character is echoed on the CRT as it 


is entered. 
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KEY 


<blue> 


CODE 


SAVE 


LOAD 


CR 


CONT 


DEL 


DEFINITION 


ee 
Apostrophe. This MUST precede the file name when 


loading a file from tape or saving a file onto tape. 
Upper function key selects functions labeled in blue. 


Selects special instrument functions not available 


directly on the keyboard. (See Section 2.1.1.1 Test 


Codes in this Manual for more details.) 


Stores the instrument's parameters on cassette tape. 
File name must be preceded by the ' sign. (Refer to 
Section 2e9e5% Saving Parameters for more 


information.) 


Re-programs the instrument with measurement parameters 
stored on the cassette tape. File name must be 
preceded by the ' sign. (Refer to Section 2.9.6, 


Loading Parameter Programs for more information.) 
CARRIAGE RETURN. Terminates special commands. 


CONTINUOUS measurement mode. Operates in the same 


manner described in Section 2.1.1 in this manual. 


DELETE last entry. Operates in the same manner 


described in Section 2.1.1 in this manual. 
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KEY DEFINITION 
ENTER ENTER key is used for spacing as described in Section 


2.1.1 in this manual. 


SGL | SINGLE measurement mode. Operates in the same manner 


described in Section 2.1.1 in this manual. 


To enter the alternate keyboard function mode, push <2> <0O> <blue> 
<CODE>. The CRT will indicate that the alpha keyboard overlay is now 


operational. 


EXAMPLE: 
Push Display Comments 
_ CODE 
QOS get rans -«sUAGicates the ALPHA 
l 0 1000. MY SINGLE DIRECT 
SETLEO0SONS INTGR=OSOMS AVE=01 mode has been entered. 
AUTO ALPHA BIAS DFF 


Place the keyboard 
overlay alternate 


function side up. 


INSTALL ALPHA OVERLAY 
0> 
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To exit this mode and return to the original keyboard functions mode, 


push <-> <2> 
EXAMPLE: 


Push 


CODE 
Lo) od Lo SSL) 
- 0 


(For more information, 


this Manual.) 


Display 


H2= 1000.0 NOM= 
1000. MV SINGLE 
SETL=GOSOMS INTOR#OSONS 


FARADS 
DIRECT 
AVE S01 


AUTO BIAS OFF 


REMOVE OVERLAY 
0> 


Comments 


Place the keyboard 
overlay original 


function side up. 


refer to Section 2.9.5 Saving Parameters 
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<O> <blue> <CODE> and follow the instructions on the CRT. 


in 


2.1.2 CRT Display 


The 5-inch (diagonal) cathode-ray tube (CRT) presents a simultaneous 
display of those test parameters and measurement results that are most 
important to the operator. Models 2150/2160 feature two display 


formats--normal (direct) and binning (status). 


STATUS NORMAL 
HIGH LIMIT % UNITS 
LOW LIMIT % PARTS COUNT FREQUENCY NOMINAL DISPLAY MODE 
PROGRAMMED 
BIN NUMBER ee, VOLTAGE — > NUMBER OF 
; +. \ox “ ss MEASUREMENTS 
: SETTLING te WV. STHGLE pirecr VERAGED 
00% TIME SETL=0050MS INTGR=OSOMS avenoi“| 
“the auTo CALIB Blas OFF EXTERNAL BIAS 
00% AUTO RANGE 
00% INTEGRATION 
TE LOCK TIME 
004 
00% 
90% FIXTURE UPPER 
eee Nan REJECT BIN CALIBRATION 9. 164 DISPLAY 
LIMIT REU< .000000 R/X D FUNCTION 
ae FARADS CS MINOR ALPHA OVERLOAD -- SUPPLYING 4MV 
NOMINAL ff FUNCTION > ares 
MAJOR EUNCTION. 
DATA ENTRY FUNCTION DATAENTRY | ERROR MESSAGE 


Figure 2-3. CRT Display Formats 


Normal display format can be broken-down into three major areas: 


1. Parameter field (top portion of CRT screen). It contains: 


. Test frequency in hertz (Hz) 
. Nominal value (when programmed) 
. Units of the top measurement display function 


. Test signal level in millivolts (mV) or milliamperes (mA ) 


. Measurement mode -- continuous (CONT) or single (SINGLE) 
. Display mode -- Direct, Auto LRC, Deviation, GO/NO-GO, or Sort 
. Ranging mode -- Auto or Hold 


. Calibration (CALIB) indicator for test-lead or test fixture zero 
. Number of measurements averaged for each display 
. Settling time and integration time in milliseconds (ms) 


. BIAS ON/OFF, ALPHA keyboard overlay active, and keyboard LOCK 
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2. Measurement display (center portion of CRT screen). It contains: 


. Two readings 
. Unit multiplier and unit for each reading 


. Function and equivalent circuit mode for each reading 


3. Data entry (bottom portion of CRT screen). It contains: 


. Data entry lines that echo the last keyboard entries. 


. Error message above data entry lines (see Section 2211) 


Status display is used when preparing for component sorting operation. 
It can be divided into two major areas--sorting limits and reject 
limit. For a more detailed explanation of the sorting operation and 


the status display see Section 2.7.1 in this manual. 


2.1.3 Cassette Tape Loader (2160 Only) 


The cassette tape of the Model 2160 is a feature that adds to the 
overall versatility of the instrument. The cassette can be used aS a 
mass storage device for test parameters, measurement information, or 
optional applications programs. It stores often used setups for later 
retrieval, so repeatedly making the same setup becomes unnecesSSary. 
For a more detailed explanation of the cassette tape loader, see 


Section 2.9 in this manual. 


2.1.4 Other Front Panel Controls 


ON =. ! 
Turns instrument power ON and OFF. 


ON 
orr 


POWER 
Opens Cassette Tape Loader door for 
direct access to cassette tapes. (Model 
EJECT 2160 only) 
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2.2 REAR PANEL 


FREQ. 50-60H2 
145VA (MAX) 


a€ 
W5 


1.6 AMP 
| 290 | ser-249 


G9) 


Figure 2-4. Rear Panel 


2.2.1 Rear Panel Controls and Connectors 


CQ) HD, HS, LS, LD 


ELECTRICAL SHOCK 
CONNECTED TO THIS 


Four BNC style connectors for making 
passively guarded, four-terminal- 


connection to the unknown. 


HAZARD EXISTS WHEN BIAS SUPPLIES’ ARE 
INSTRUMENT. WHEN EXTERNAL BIAS SUPPLIES 


ARE ATTACHED, THE BIAS VOLTAGES ARE PRESENT ON THE REAR PANEL 


BNC CONNECTORS. 


USE ONLY BIAS VOLTAGES UP TO +50VDC WITH 


EACH BIAS SUPPLY CURRENT LIMITED AT l1OOMA. DO NOT TOUCH, 


CONNECT, OR DISCONNECT 


THE MEASURED COMPONENT OR THE BNC 


CABLES WHILE BIAS VOLTAGES ARE APPLIED. 


(2) BIAS Terminals 


Two banana plug jacks (with removable 
strap link) provide connection of exter- 
nal bias supplies to the component being 
tested, up to 50VDC with bias supply cur- 
rent limited at 100mA. Bias supply 


polarity must match terminal indicators. 
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REMOTE START 


BIAS FUSE 


J1 


J2 


LINE POWER CORD 


BRIGHTNESS CONTROL 


POWER FUSE 


115/230 SWITCH 


A miniature phone jack style connector 
for remotely initiating measurements. 
(de-bounced switch contact closure for 


start.) 


A 0.5A 3AG fast blow fuse prevents damage 
to the instrument if a charged capacitor 
is connected to the input terminals or if 


excessive bias current is applied. 


An option inputs/outputs connector which 
allows connection to an interface option. 
Connector is present only when option is 
installed. Model 2160 has a= standard 


RS-232C connector in this position. 


An option connector; outputs depend on 
option installed. Connector is present 


only when option is installed. 


A standard 3-wire power cord for 
connection to nominal l115VAC at 48-66Hz 
or nominal 230VAC at 48-66Hz. (See 


Section 2.3.1 before using cord and 


connectors other than supplied.) 


Controls the brightness for characters 


displayed on the CRT. 
The line power fuse used is 2.0A, 250V 
Slow-Blow for 115V operation and 1.6A, 


250V Slow-Blow for 230V operation. 


Selects the nominal line voltage. 
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2.3 INSTRUMENT SETUP 


2.3.1 Power Requirements 


The 2150/2160 requires a power source of 115VAC (90-132VAC) at 48/66Hz 
or 230VAC (180-250VAC) at 48/66Hz. Before turning the power ON, make 
sure the instrument is set to the proper line voltage and has the 
proper line fuse installed. The instrument contains a rear panel slide 
switch to select the nominal line voltage. See Figure 2-5 for proper 


line voltage settings. 


~Y 
RJ uy 


Pas em [oe 

Slow Biaow 

evel ee 
Sloe Blow 


F 0-601 
L45VA (MAK 


fy OR ff 


90 to 132VAC 181 to 249VAC 
48/66 Hz 48/66Hz 
OPERATION OPERATION 


Figure 2-5. Line Voltage Settings 


BECAUSE OF DIFFERING POWER REQUIREMENTS, INSTRUMENTS SHIPPED 
OUTSIDE THE UNITED STATES MAY REQUIRE A DIFFERENT POWER CORD 
CONNECTOR. WHEN PLACING A NEW CONNECTOR ON THE POWER CORD, 
CARE MUST BE TAKEN TO ASSURE ALL THREE WIRES (E,N,L) ARE 
CONNECTED PROPERLY. THE GREEN OR GREEN WITH YELLOW STRIPE 
WIRE IS ALWAYS CONNECTED TO EARTH GROUND (E). THE WHITE OR 
LIGHT BLUE WIRE IS CONNECTED TO THE NEUTRAL SIDE OF THE POWER 
LINE (N). THE BLACK OR BROWN WIRE IS CONNECTED TO THE HIGH 
SIDE OF THE POWER LINE (L).~ FIGURE 2-6 ILLUSTRATES THE 
AVAILABLE POWER CORD CONFIGURATIONS ACCORDING TO COUNTRY, 
INCLUDING THE STANDARD POWER CORD FURNISHED WITH THE 
INSTRUMENT. 
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TO PREVENT POSSIBLE ELECTRICAL SHOCK OR DAMAGE TO THE 
INSTRUMENT, CHECK LOCAL ELECTRICAL STANDARDS BEFORE SELECTING 
A POWER CORD. THE INFORMATION PRESENTED HERE MAY NOT BE 
CORRECT FOR ALL LOCATIONS WITHIN THE REFERENCED AREAS. 


N WHITE 
oH gD: GREEN/YELLOW 
L BLACK FURNISHED FOR COUNTRIES 
L BLACK OTHER THAN LISTED BELOW 


E GREENSYELLOW 


N WHITE 


—E GREEN 
L RED 
N BLACK 


250V, 6A 
NEW ZEALAND, 
AUSTRALIA, ETC. 


Sra 
— 
=a 
ee 
L BROWN Ea 
L_ BROWN 
oy e GREEN/YELLOW 
N LIGHT BLUE 


LIGHT BLUE 


N 
—€ GREEN/YELLOW 
L BROWN 


N LIGHT BLUE 


250V, 5A 
GREAT BRITAIN, 

SOUTH AFRICA, INDIA, 
RHODESIA, SINGAPORE, ETC. 


250 V, 6A 
_ EASTMEST EUROPE, 
IRAN, ETC. 


LEGEND E: EARTH OR SAFETY GROUND 
L: LINE OF ACTIVE CONDUCTOR 
N: NEUTRAL OR IDENTIFIED CONDUCTOR 


Pigure 2-6. Power Cord Connectors 
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A front panel push-ON, 
Figure 2-7). 


turn-on, 


2.3.2 Applying Power 


Figure 2-7. 


Display Format 
Display Mode 
Frequency 

Nominal value 

Test signal level 
Measurement mode 
Settling time 
Integration time 
Measurements averaged 
Binning limits 1 - REJ 
SORT mode 


Ranging mode 


function and units for the component connected. 


condition for other programmable parameters is: 
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Power ON/OFF Switch 


push-OFF switch turns power ON and OFF 
When power is applied, the CRT display will illuminate 


15 seconds. Instrument warm-up time is 10 minutes. 


The initial starting 


Direct 
Auto LRC 
1000Hz 
none 
1000mV RMS 
Continuous 
50ms 

50ms 

Al 

+/- O0O000% 
% 

Auto 


After initial 
the bridge will automatically select the proper top display 


When the instrument is turned on, test code 17 (Auto LRC Mode) is 
enabled. The VideoBridge autoranges and determines whether the 
component being tested is an inductor, a resistor, or a capacitor and 
displays a series equivalent mode measurement in henrys, ohms or 
farads. Minor (loss) functions will be also be displayed according to 


the following: 


1) Ls & Q, 
2 ) R, only (no minor), 
3) Cc, & D 


If there is no component connected to the test fixture or clips, the 
VideoBridge will display "OPEN" when it detects a Z > 50MQ2, or "SHORT" 
when it detects a Z < 20m. 


Auto LRC mode can be exited by pressing any impedance function key, 
any display mode key, or the HOLD key. If Auto LRC mode is re-entered, 
then test level, test frequency, measurement speed, and equivalent 
circuit remain as programmed and the VideoBridge returns’ to 


autoranging. The XCHG key is disabled in Auto LRC mode. 


If a cassette tape is in place when power is applied to the Model 
2160, the message [AUTOSTART TAPE SEARCH] and a blinking cursor will 
appear on the screen. This AUTOSTART feature initiates an automatic 
search of the cassette tape directory for a file that has been 
designated for loading upon the application of power. If the search 
for such a file is unsuccessful, the message [NO AUTOSTART FILE ON 
TAPE] will be displayed. If no cassette tape is installed or if the 
unit is a Model 2150, the power up conditions are the same as those 
previously described. (Refer to Section 2.9.5, Saving Parameters for 
additional information on the AUTOSTART feature.) 
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2.3.3 Connections to Unknown 


Models 2150/2160 # make four-terminal measurements with passive 
guarding. They provide separate shielded connection cables for current 
drive and voltage sense to the high and low side of the unknown. These 
cables are fully shielded to minimize the effects of stray capaci- 
tance. They are labeled HI DRIVE, HI SENSE, LO DRIVE, and LO SENSE. 
The shields around the HIGH and LOW DRIVE cables are connected to the 
GUARD point (see Figure 2-8). The total load impedance (Z) to the 
guard point must be greater than or equal to the impedance of the 
device under test. Drive and sense leads for both HIGH and LOW 


terminals must make separate connections to the unknown. 


HI DRIVE HI SENSE LO SENSE LO DRIVE 


*Guord shields of HI and LO Drive 
sy a4 cables must be connected at 
ZLOADY.~ oe ZLOAD unknown end of test-leads. 


HI TO GUARD ~\. 7? LO TO GUARD 
F 


GUARD* 


Figure 2-8. Connection to Unknown 


For accurate measurements of low impedance unknowns, separate drive 
and sense connections are necessary to prevent lead resistance from 
becoming a part of the measured unknown. Both drive and sense 
connections can be connected together to a single lead of the unknown 
(a 2-terminal measurement) if the lead is a small part of the unknown 
impedance (Ri wag < Z snk / 1000 for <0O.1% error). With proper connections 
as shown in Figure 2-8, cable length of 5 feet causes no loss of 
accuracy. Different cable lengths or special test conditions may 


result in accuracy loss. 


Consult factory for advice on your application. 
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2.3-4 Test-Leads vs Test-Fixtures 


Certain measurement areas are more critical than others and require 
the use of a test-fixture rather than test-leads. Test-leads with 
KELVIN KLIPS are best used at frequencies below 1kHz or for higher 
frequency measurements where high accuracy is not needed (see note 
attached to KELVIN KLIPS). Changes in test-lead position change stray 
capacitance and/or inductance, making a true zero correction difficult 


to obtain. 


At higher frequencies (above lkHz), the need for a test-fixture 
becomes more and more important because test-lead (KLIP) spacing 
cannot be fixed as in a test-fixture. If higher accuracy, high 
frequency measurements are needed, use a test-fixture. 


Also, if different test lead lengths are used (for example, changing 
from 5 foot leads to 3 foot leads), the high frequency trim may have 


to be re-adjusted. See Section 4.2 for more information on this trim. 


2-3-5 Test Fixture Calibration 


Measurement accuracy is enhanced by the 2150/2160's ability to correct 
for zero-offset errors caused by test-lead and test-fixture impedances 
(inductance, resistance, capacitance, etc.). These impedances appear 
in parallel or in series with the unknown component during measurement 
and add to the measured value. The zero calibration function measures 
these zero offset errors and stores them in memory. The stored value 


is automatically subtracted from each measured value. 


The 2150/2160 can store offset measurements for four different 
combinations of settings for: test frequency, test signal, integration 
time, settling time and measurements averaged. Once these offsets have 
been measured for a given combination, the VideoBridge will retrieve 
them whenever that combination is re-entered. The word "CALIB" will 


be displayed to indicate that this combination has been calibrated. 
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If a fifth combination of settings is calibrated, the VideoBridge 
stores it and retains the three most recently used combinations 
already in memory. If five combinations in a row are entered, the 
VideoBridge will store them like a serial shift register. That is, the 
first combination entered will be overwritten by the fifth combination 


entered. 


To temporarily suspend use of zero offset correction for a given 
combination that has been calibrated, enter test code 22. The 
VideoBridge makes a measurement without offset corrections, but still 
retains the calibration information for that combination. To clear 
this mode, re-enter the present test frequency. To permanently erase 


all existing zero calibration offsets, enter test code -22. 


Zero calibration information is not stored on tape because the tape 
may be used in a different instrument, invalidating the corrections. 

A zero-calibrated file can be saved to tape. When it is loaded, the 
VideoBridge will initiate the calibration procedure. Zero calibration 
information may be stored on a permanent basis by use of optional 


Non-Volatile Memory. See Section A.3 for more information. 
The VideoBridge does not support zero calibration by GPIB or RS-232C. 


To ensure reliable calibration of zero offsets, follow these 


guidelines: 


»- maintain test lead spacing during and after calibration 

- use a highly conductive material, such as low gauge wire, to 
close test leads in range O (don't clamp leads together). 

- perform zero calibration at the speed (FAST, MED, SLOW or your 
own settings of 1.T., SETL, AVG) at which measurements will be 
made. 

. after pressing <blue> <CAL>, use only the <SGL> key to activate 
the calibration procedure. 

: to calibrate while using external bias, enter test code l 


before pressing <blue> <CAL>. 
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The VideoBridge makes two types of zero calibration measurements -- 


Short-Circuit and Open-Circuit -- combined into one process: 


1) For zero calibration of the lowest range (0), the lower data entry 


line will contain the message 
CLOSE UNKNOWN - THEN PUSH "SGL" 
Short the test leads and push <SGL>. The message will change to 
CALIBRATING RANGE O. 


2) After calibration of range O has been completed, the lower data 


entry line will contain the message 
OPEN UNKNOWN - THEN PUSH "SGL" 


for zero calibration of ranges 1-4. Open the test leads and push 


<SGL>. The message will change to 
CALIBRATING RANGE X, 
where X represents each remaining range. 


Each message will be followed by "OK" or "ERROR." If "OK", the 
VideoBridge will advance to the next range. If "ERROR," it will 
continue to calibrate the remaining ranges, but the range that failed 


will not be zero-corrected. 


If all ranges calibrated were "OK," the VideoBridge will display 
"CALIB" on the bottom line of the parameter field. If "ERROR" was 
indicated on any range, [CAL ?] will appear in reverse video with no 
correction applied to the range that failed. If "ERROR" was indicated 
on all ranges, no message will appear and no correction will be 


applied to any range. 
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2.4 MEASUREMENT FUNCTIONS 


The Model 2150/2160 will measure and display a variety of function 
combinations. The shaded areas of Table 2-2 show the functions that 
can be displayed simultaneously. Either selected function can be 
displayed as the top or the bottom function on the CRT screen. For a 
further explanation of programming measurement functions or exchanging 


their display positions, see Sections 2.4.1 and 2.4.2 in this manual. 


Table 2-3. Measurement Functions 


TOP DISPLAY FUNCTIONS 
Cp Lp Rp Gp Xp Bp D Q Y Z Cs Ls Rs Gs Xs Bs 


BOTTOM 
DISPLAY 
FUNCTIONS 


4. 


0:6°6; 
arenes: 
25 
62525 
24 
6505 
ate 
$0505 
‘es 
255 
6 
2505 
x25 
ox 
eter 
NS 


xe 
a 
os 
oS 
% 
os 
os 
4 
06 


3 


0, @ 


ENT 


. eu] 
Xs 
Bs YY 


NOTE: Any top display can be displayed with any bottom dis- 
play within the shaded areas. 
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2.4.1 Programming Measurement Functions 


Measurement functions available with the Model 2150/2160 are: 
Capacitance (C), inductance (L), resistance (R), dissipation factor 
(D), quality factor (Q), conductance (G), admittance (Y), impedance 
(Zz), susceptance (B), and reactance (xX). They are selected via the 
front panel keyboard by pressing the pushbutton for the desired 
function. The selected functions are displayed, one-above-the-other, 
on the CRT screen. Their position on the screen can be exchanged in 
direct mode at any time, i.e. Cs displayed above R can be exchanged to 
display R over Cs. Because of the versatility involved in displaying 
and positioning measurement displays and to assure the measurements 
are displayed as you want them, read the following precautions before 


programming measurement functions. 


1. C, L, Y, Z, B, and X functions always replace the top measurement 
display on the CRT. 


2. G, R, D, and Q functions always replace the bottom measuremen 
display on the CRT. 


3. G/R, B/X, and Y/Z functions are displayed in the parallel (PRL) 
and series (SER) equivalent circuit modes according to the 


following: 


Pressing the G/R, B/X, or y/Z key displays resistance (Rs or Rp), 
reactance (Xs or Xp), or impedance (Z), in either circuit mode 
selected. Pressing the same key again displays conductance (Gs or 


Gp), susceptance (Bs or Bp), or admittance (Y). 


4. Top and bottom measurement displays are exchanged using the XCHG 
key in DIRect display mode. This key does not work in Auto LRC, 
SORT, GO/NO-GO, or DEViation modes. 
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Figure 2-9 illustrates the initial measurement display with a 
capacitor connected. Measurement functions can be changed by pushing 
the desired function button, which takes the bridge out of Auto LRC. 


For best results, perform fixture calibration. 


HZ= 1000.6 NOM= FARADS 


1000 MV CONT AUTG-LRC 
SETL=0OSOMS INTGR=OSOMS AVE=01 
AUTO CALIB BIAS DFF 


99 we lank 
2159-2 


CONTINUOUS 


SERIES CAPACITANCE 


DISSIPATION FACTOR 


0> 
0> 


Figure 2-9. Measurement Display 


Example: Display D measurement in parts per million (ppm). 


Push Display Comments 


HZ= 1000.0 NDN= FARADS Dissipation 18 
1000 MY CONT DIRECT 
SETL=00SOMS INTGR=O50MS AVE=01 changed froma 
auTo CALIB BIAS DFF 


99 CSB oF .. 


decimal represen- 
tation to parts 
per million. 
(Return to decimal 
format by entering 
-4 CODE.) 


NOTE: Dissipation values may contain half-sized zeroes. 
They appear to the right of the last significant dito1¢. 
Also, entering 4 CODE takes the VideoBridge out of Auto LRC 
mode. 
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Example: Measure series inductance (Ls) and resistance (Rs). 


Push Display Comments 


— 


H2= 1000.0 NOM= HENRYS 
1000 AV CONT DIRECT 
SETL=O0O0SOMS INTGROSOBS AVE=01 
AUTO CALIB BLAS OFF 


161.86. 
1 LBBSk 


0> G/R 


o> § 


L key changes Cs to 


Ls in top display. 


G/R key changes D to 
G/R R (series equivalent 
circuit) in bottom 


display. 


Example: Measure impedance (Z) and quality factor (Q). 


Push Display Comments 


v/7 HZ= 1000.0 NOM= OHMS Y/Z key changes Ls to 
1900 MV CONT DIRECT 


SETL=00SOMS INTGR=OSOMS AVE=01 Z (series equivalent 
AUTO CALIB BIAS OFF 


circuit) in top 


l »SB4 Tks, display. 
al »BB9e4 


QO key changes R to Q 
in bottom display. 


2.4.2 Exchanging Measurement Displays 


The XCHG key exchanges the position of the two displayed measurements. 
Using the XCHG key allows two functions that normally appear in either 


the top or bottom display to be measured and displayed simultaneously. 
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Example: 


After turning instrument power ON, 


exit Auto LRC mode and 


set the instrument to measure and display Ls and Cs. 


Push 


—_ 


XCH6 


“I 


Similarly, 


Display 


HZ2= 1000.08 NOM= HENRYS 
1000 MY CONT DIRECT 
SETL=O0SOMS INTGR=050NS AVE=01 
AUTD CALIB BIAS OFF 


—256 .05eH ., 
JB Sed nF 


Comments 


Exit Auto LRC mode. 
Move Cs to bottom 
display. 

L key sets top 
display to series 


inductance. 


any two functions that normally appear in the bottom 


measurement display can also be displayed simultaneously. 


Set the instrument to measure RS and Q. 


Push 


G/R 


XCHG 


L 


Display 


H2= 1060.0 NOM= OHMS 
1000 MY CONT DIRECT 
SETLEQOQSOMS INTGR=O0SOMS AVE=01 
AUTO CALIB BIAS OFF 


1 cok. 


BS S41 


2- 39 
2150/2160 


Comments 


G/R key displays Rs 
(series equivalent 
circuit) in bottom 


display. 


Exchange key moves Rs 


to top display. 


Q key selects Q in 
the bottom display. 


2.4.3 Series and Parallel Equivalent Circuit 


Capacitors, inductors, and resistors are inherently imperfect 
impedance components, i.e. they have series and parallel, reactive and 
resistive elements. The Model 2150/2160 measures the reactive and 
resistive elements of an impedance component. (The relationship of 
these reactive and resistive elements is often described in terms of 
their series or parallel equivalent circuits.) The 2150/2160's PRL 
(parallel) and SER (series) functions steer the measured reactive and 
resistive values to an algorithm that calculates values in terms of 
series or parallel equivalent circuit. Series and parallel equivalent 
circuit mode measurements will provide differing results. fThe 
magnitude of difference depends on the quality of the component being 


measured. 


( Q i] t 
a 


Rs L Rs 


- = ASS - annie ON Nie - SAMO oo 


7 
7) 


ah tae he ae | 


2] 
wn 


1 
TYPICAL CAPACITOR TYPICAL INDUCTOR 


In determining which equivalent circuit mode to use, consider the 


following factors before making a selection. 


l. What is the actual equivalent circuit of the capacitance being 
measured? This information should be- available from the 
manufacturer's specifications. If not available, the equivalent 
circuit can be determined by a comparison of dissipation factor 
(D) value obtained at another frequency removed from the selected 
test frequency. If the test frequency goes up and the measured D 
decreases, then the unknown is most likely a parallel equivalent 
circuit. Likewise, if the test frequency goes down and the D 


decreases, the unknown is most likely a series equivalent circuit. 
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NOTE: The dissipation factor (D) of an inductor moves in 


the opposite direction from the D of a capacitor for a given 
change in frequency. 


What is the end use for the component? The equivalent circuit used 
should provide the information most useful to determining the 
performance of a component in a particular application. For 
example, the information necessary for selecting a power supply 
bypass capacitor is obtained from the series equivalent circuit 
mode, while the information needed to select a capacitor for an LC 
resonant circuit is obtained from the parallel equivalent circuit 


mode. 


Which equivalent circuit is most valuable to me? If no other 
information is available, the rule-of-thumb for selecting either 


series or parallel equivalent circuit mode is as follows: 


Series equivalent circuit should be used when measuring components 


with a low impedance (basically large value capacitors, low value 


inductors) and parallel equivalent circuit for components with a high 


impedance (basically low value capacitors, high value inductors). 
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To convert a series equivalent circuit measurement to that of a 
parallel equivalent circuit use the formulas given in Figure 2-10. 
These formulas consider the effects of dissipation factor (D) with the 
measured value. (Dissipation factor (D) is always equal for both 


series and parallel equivalent circuits at a given frequency.) 


CIRCUIT MODE | DISSIPATION FACTOR | CONVERSION TO OTHER MODES 


Cs= (1+ D@) Cp 


~  2efCpRp ete 


~ 1 + De RP 


Lp = (1+ D2) bs 


1+ De 
D2 


Rs 


Figure 2-10. Series and Parallel Equivalent Circuit Modes 


Where: 

L = Inductance Q = Quality factor 

R = Resistance = Reactance 

C = Capacitance D = Dissipation factor 

f = test frequency 
Xs Rs 1 

Qz=—_ D=-— XCere- 
Rs Xs 2m fCs 
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Series and parallel equivalent circuit modes are selected by pushing 


either the PRL (parallel) or the SER (series) keys. 


Example: The 2150/2160 initially measures series equivalent circuit 


when power is applied. To change to parallel eguivalent circuit mode: 


Push Display Comments 


HZ2= 1000.0 NOM= FARADS 
1000 mY¥ CONT DIRECT 
SETL=00SOMS INTGR=CSOMS AVE=01 
AUTO CALIB BIAS OFF 


=) ae |= | 
.W0003 


0> PARALLEL 
o> & 


Cs is changed to Cp. 
PRL 


Three measurement functions are programmed in conjunction with the SER 
and PRL keys. They are Y/Z, G/R, and B/X. Each function can be 
displayed in either parallel or series mode. Impedance Z, resistance 
R, and reactance X, are displayed with the first press of the 
measurement function key. Reciprocal values admittance Y, conductance 
G, and susceptance B are displayed with the second key press. 


Subsequent key presses toggle the display of each reciprocal function. 


To display Ry! press the G/R key after selecting the parallel mode. 
a or Z can be displayed by pressing the B/X key or Y/Z key in the 
parallel mode. Ror Xe: and Z can be Similarly displayed by pressing 
the G/R, B/X, or Y/Z key in series mode. 


G, B, or Y can be displayed in either equivalent circuit mode by 


pressing the G/R, B/X, or Y/Z key a second time. 
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Example: Change the displayed parameters to display series 
capacitance and resistance, then change the measurement mode to 


display series capacitance and conductance. 


Push Display Comments 


G/R key changes 


HZ= 1000.0 NDOM= FARADS 


G/R 1000 M¥ CONT DIRECT : 
SETL=005SOMS INTGR=0SOMS AVE=01 bottom window to R 
AUTO CALIB BIAS OFF 
(series equivalent 
09 Wonk aah 
a rn “i circuit). 
HA emt 
| ESR 
0> SERIES 
o> 
THEN 
HZ2= 1000.0 NOM= FARADS Change R to G by 
G/R 1000 MV CONT DIRECT ; 
SETL©OOSOMS INTGR=O0SOMS AVE=O1 pressing <G/R> a 
AUTO CALIB BIAS OFF 


second time. 


99 . 19S .. 
ll.e 3 


O> G/R 
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Example: Enter parallel equivalent circuit mode by pushing the PRL 


key. Then push the G/R key to get Ry" 


Push Display Comments 


H2= 1000.0 NOM: 


G/R, B/X, and Y/Z are 


PRL 1000. MV¥ SINGLE DIRECT 
SETL=00S5OMS INTGR=OSOMS AVESO1 "toggle" functions. 
auTO CALIB BIAS OFF 
Consecutive key 
O/ 99 .AlsnF 
cP presses alternate 


between the two func-— 


SU Me 


tions on any key. (To 


0> SINGLE 


get Gp, press <G/R> 
o> 


key a second time. 
Use XCHG to get C, X_. 


Push Display Comments 


Push B/X, XCHG, C, 


to display C and@x. 
i es «as - 


H2= 1000.0 NOM= FARADS 
1000 mV CONT DIRECT 
SETL=Q00SOMS INTGR=0SOMS AVE=01 
AUTO CALIB BLAS OFF 


99. TEaF 
-1. 549k 


B/X XCHG C 


Use XCHG to get C, Z. 


Push Display Comments 


Push ¥/Zs XCHG, Cy, 


to display Ch and Z. 


H2= 1000.0 NOM= FARADS 
1900 RY CONT DIRECT 
SETL=OO0SOMS INTGR=0S50MS AVE=01 
&UTO CALIB BIAS OFF 


Bg. eo 
1 SSeS 


Y/1 XCHG C 
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2.5 TEST SIGNAL 


The test signal, applied to the device under test, is a sinusoidal 
waveform derived from a digital source. It is programmable both in 
frequency and in magnitude from either the front panel keyboard or 
remotely via an IEEE-488 or RS-232C interface bus. When power 1s 
applied, the instrument's frequency and voltage level initialize to 
1000Hz and 1000mV RMS, respectively. 


NOTE: Because uSing voltage or current test signals at their 
low extremes produces a low Signal-to-noise ratio, 
measurement accuracy at these low levels may be seriously 
derated. Also, fewer digits will be displayed per measurement. 


2.5.1 Frequency 

The Model 2150/2160 has over 3000 selectable test frequencies between 
20Hz and 150kHz. All frequencies are accurate to within +/- 0.01%. 
When power is applied, the instrument's test frequency initializes tc 
1000Hz. All frequencies are entered directly in hertz (Hz). 


Example: Set the instrument's test frequency to 100Hz. 


Push Display Comments 


Hz 
on ae ee lead HZ= 100.0 NOMS FARADS To allow the test 
1 0 0 1000 M¥ CONT DIRECT 
SETL=0050MS INTGR=0SOMNS AVE=01 


AUTO BIAS OFF 


99 BOF .. 
JA00015 


O> 100 HZ 
o> 


Signal to stabilize 
after a frequency 

change, wait 200ms 
before initiating a 


measurement. 
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The frequency selected is displayed on the CRT (top line -- small 
letters). The displayed frequency is the nearest available frequency 
greater than the selected value. The sine generator ROM of the 2150/ 
2160 uses separate algorithms to generate test frequencies above and 
below 10,000Hz (except 12kHz, 15kHz, 20kHz, 30kHz, and 60kHz--which 


are generated by the "below 10,000H2" algorithm). 


Table 2-3 shows some of the commonly used frequencies below 10kHz. 
When F is at or below 10kHz, or when F is above 10kHz and yields an 
integral quotient when divided into 60,000, the following formula is 


used to determine which frequencies are available: 


F = 60kHz/N, 


Where: Ny is an integer l < N, < 3000 


Table 2-4. Test Frequencies Below 10kHz and Divisors of 60kHz Yielding 
Integral Quotients 


Frequency Ni Frequency Ny Frequency Ni Frequency 
(Hz) (Hz) (Hz) (Hz) 
60,000 
30,000 
20,000 
15,000 
12,000 
10,000 
6,000 
. ‘2 
og U 
N = it 
FREQUENCY = = < 22323 : z : = 
S . © & eee - £8 
(erence SE mer PS CRO ba EE EY crete eR Rone 
N,=! 2 3 4 3 6 7 8 9 10 60 3000 
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Table 2-4 shows tthe 23 available frequencies above 10,000Hz, 


determined by the following formula: 
F = 300kHz/N. 


Where: N, is an integer 2 < N, < 30 (excluding 5, 10, 15, 20, 25 


which yield the frequencies already derived in Table 2-4). 
Table 2-4. Test Frequencies Above 10kHz 


N Frequency 


Frequency Frequency N. Frequency 
(Hz) (Hz) (Hz) (Hz) 


2 


150,000 27,273 15,789 10,714 
100,000 25,000 14,286 10,345 
75,000 23,077 13,636 
50,000 21,429 13,044 
42,857 20,000 12,500 
37,500 17,647 11,538 
337335 16,667 11,111 


For further information on frequencies and the sine generator circuit, 


refer to Section 3.3. 


ive) 

ad 

UO 

z 

Lid 
N N NNN NW =) N 
N N =x 2. oS CG x 
a a Be aX x “ly YY YY ve) 2 
FREQUENCY = 3 2, tt ek a ae rm % 
pa = SISK 02 = 
No = 2 3 4 6789 1112 29 
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Any frequency entered between two available frequencies will auto- 


matically divert to the higher frequency. 
Example: Set the test frequency to 15,750Hz. 


Push Display Comments 


aqgaag 


H2=15789.5 NOM= FARADS Frequency (15.75kHz) 


; 1000 MY CONT DIRECT ; ll 
: : H SETL=0050MS INTGR=050MS AVE=01 automatica 
SOS euro pias OFF : 


diverted to the 


99. SBF .. 
»W0053 


O> 15.75 KILO #2 
0> 


closest higher 


frequency (15,789Hz). 


Notice in the examples above, as numbers are entered, they are echoed 
on the CRT. When the entry was terminated by pushing Hz, the 2150/ 
2160 selected the closest, higher frequency available. 


NOTE: In the above examples, changing the test frequency 
removes the word "CALIB" from the display. Test fixture 
offset corrections are only valid at the frequency at which 
they are calibrated. For optimum measurement accuracy, zero 
offset calibration must be performed after changing to an 
uncalibrated test frequency/test signal combination. 
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2.5.2 Signal Levels 


The test signal voltage level initializes to 1V RMS (1000mV) when 
instrument power is applied. The test signal level can be changed at 
any time to meet testing requirements. However, changing test signal 
level requires re-calibration of the test fixture. Voltage is 
programmable from 5mV to 1500mV RMS in 1mV steps. Current is 
programmable from O.imA to 100mA in O.1lmA steps. 


Example: Set the amplitude of the test signal to 100mV RMS. 


Push Display Comments 


To allow the test 


HZ= 1000.0 NOM= FARADS 


a2a78o 


100 MY CONT DIRECT ‘ ; 
SETL=00SOHMS INTGR=050MS AVE=01 Signal time to 
auto BIAS OFF 


stabilize after a 


99. 185 .. 
»O0010 


O> 100 MILLIVDOLTS 
0> 


signal level change, 
wait 200ms before 
initiating a measure- 


ment. 


To optimize measurement accuracy, care should be taken when selecting 
test signal levels. Measuring high impedance components at very low 
test voltages or very low impedances at very low current levels can 


cause measurements to be erratic due to a poor signal-to-noise ratio. 


The test level vs. impedance charts (Tables 1-4, 2-5) in this manual 
are to be used as an aid to determining the optimum test signal level 
at a nominal frequency of l1kHz. They do not indicate absolute 
instrument specifications, due to the overwhelming number of test 


frequencies available. 
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Table 2-5. Test Level vs Impedance (typical at lkHz) 


MMMLL”MI#” 
WYYYYyywyvr, 
WY 
<a 
Ly 
YLLVIV" 


MILLIAMPERES 
s 3 2 8 


13A37 LS3L 


b}HWwyé|jpyy mt 
MMMM - "9 


Ic OR Ve 
CONSTANT VOLTAGE (Vc) 


Table 2-5 shows typical test level limitations compared to the 
impedance of the component under test at l1kHz. The shaded areas 


indicate test signal levels not available for a given impedance. 


Test currents can be programmed between O.lmA and 100mA. For unknown 
impedances between O and 20 kilohms, set the test current directly. 
For unknown impedances over 20 kilohms, the test current is determined 


by dividing the voltage level by the unknown impedance. 


For best meaSurement results, select a test signal level that will 
provide the best signal-to-noise ratio. High test signal levels are 
used for general component testing (capacitors, resistors, and certain 
inductors). Low test signal levels are used for testing devices 
requiring low operating-Signal levels (semiconductor devices, 


inductors, and non-linear impedance devices). 


Under certain conditions a test level can be programmed that the 
VideoBridge cannot supply. This is due to a mismatch occurring when a 
low impedance part is measured with a constant voltage or when a high 
impedance part is measured with constant current. When this happens, 
the instrument will supply a test signal less than the level 


programmed and display one of the following error messages: 
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[OVERLOAD ! -- SUPPLYING xx MV] for low impedance devices 
OR 
[OVERLOAD ! --— SUPPLYING xx MA] for high impedance devices 
Where xx = the actual value of test signal level supplied by the 
VideoBridge. 


In a voltage overload condition, the instrument will supply the 


voltage available at a maximum current of 100mA. 


In a current overload condition, the instrument will supply the 


current available at a maximum voltage of 1500mvV. 


Measurements taken at these reduced signal levels are valid for that 


Signal level. To clear the overload message, do one of the following: 


1) re-enter a test signal level less than or equal to the amount 


displayed by the error message 
2) for a voltage overload, change from voltage to current 
3) for a current overload, change from current to voltage. 


NOTE: To maintain measurement accuracy, test-lead or test- 
fixture calibration must be performed after changing to an 
uncalibrated test frequency/test signal combination. 
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2.5.3 Measurement Range 


The Model 2150/2160 is basically a continuously ranging instrument (in 
AUTO range). Ranging is a transparent operation that makes the 
instrument appear to have only one range throughout its entire 


impedance measuring capabilities. 


Actually, ranging is achieved by making an initial measurement before 
making the actual meaSurements for display. This initial measurement 
is made with very short integration times and is completely unaffected 
by the values programmed for measurement speed or test level. The sole 
purpose for this measurement is to determine the proper’ range 
resistor. This measurement is not displayed. With the proper range 
resistor selected, the instrument makes a measurement and displays the 


results. Range 4 is locked out above 10kHz. 


Refer to Table 2-6 for ranging data. 
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Table 2-6. Model 2150/2160 Impedance Ranging Chart 


RANGE 
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te 
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1kQ 2 < 
‘e- 
1002 S 
10Q 0 S 
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CURRENT C 
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CG 
E 
8 
G 
E 
° 
G 
E 
ee ee a, SN ae ee ane ce Ce eee ee ee = 
UP SCALE DOWN SCALE RANGE RANGE S 
RANGE RANGE RESISTOR |= NUMBER 
POINTS POINTS VALUE 
CS 
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10m 


Ok 


Vk 


8 


R, Z, X (OHMS) 


10m 


10, 


G, Y, B (SIEMENS) 


10m + 


8 
3 


Wk ES 


100 k 


Table 2-7. Reactance Chart 
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To find the span of capacitance, inductance, or other measurement 
parameters for a particular impedance range (shown in Table 2-6) at a 


particular frequency use Table 2-7 as follows: 
1. Find the impedance (Z) along the left margin of Table 2-7. 
2. Find the operating frequency (Hz) at the bottom of Table 2-7. 


3. Find the intersection of the horizontal impedance line and the 


vertical frequency line. 
4. Find the closest diagonal line to the intersection. 


5. Move down the diagonal line to the right or bottom margin to find 
the corresponding capacitance value. Move up the diagonal line to 
the right or top margin to find inductance. Resistance, conduc- 
tance, admittance, susceptance, and reactance can be found in the 


two adjacent columns of the left margin. 


2.5.3.1 Range Hold 

When testing many components of the same value where speed is a 
prerequisite, the pre-measurement described in Section 2.5.3 can be 
eliminated by using range HOLD. (The range finding measurement takes 


a minimum of 60ms. Due to increased integration time, range finding 


measurements made at frequencies below 500Hz will take longer.) 
RANGE HOLD can be set in either of two ways: 
1. In the Manual-Hold Mode, described below, 

STEP 1. Connect a component to the test leads or fixture. 


STEP 2. Allow one measurement to be made, then push the HOLD 
button. 
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OR 


2. Auto-Hold Mode via 5 CODE. This is for use with component handlers 
where it is inconvenient to place a part in the test fixture. 
Activate the Auto-Hold mode by entering the part value then 
pushing <5> <blue> <CODE>. This sets an internal control signal 
which is monitored during measurements. When a part is measured 
that is within +/-20% of the top measurement display value, the 
instrument changes from AUTO Ranging to the HOLD mode without 
Operator intervention. This allows a handler to run until a part 


is present in the jaws. The VideoBridge then holds the range. 


EXAMPLE: 


Push Display Comments 


AUTO Set instrument to 


os oe SS 
1 0 

CODE 

OSU 
5 


HZ= 1000.0 NOM= FARADS 
1000 MWY CONT DIRECT 
SETL=O050MS INTGR=050NS AVEK0! 


AUTOrange mode. 
AUTO CALIB BIAS OFF 


ENTER 


Sets AUTO-HOLD mode 


for lOnF. 
O> 10 NANO 5 CODE 


6> 


NOTE: If the 20 percent limit is not convenient, this value 
can be changed. Enter the desired percentage (expressed as a 
positive decimal) when entering the part value: 


<decimal specifier> <ENTER> <part value> <ENTER> <5> <blue> 
<CODE> 


where <decimal specifier> is a numeric value representing 
the desired percent limit, i.e. <.><5> = 50%, <.><l> = 10%, 
<.><O0><5> = 5%, etc. and <part value> is an entry such as 
l1OnF in the above example. 
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Display Comments 


Instrument begins 


HZ= 1000.0 NOM= FARADS 
1000 MY CONT DIRECT 
SETL=O0SOMS INTGR*OSOMS AVERO!L 
AUTO CALIB BIAS OFF 


1.19069 .. 
JW00e21 


G> 10 NAND 5 CODE 
0> 


measurement in AUTO 


mode. 


HZ= 1000.0 NOM= FARADS Instrument measures 


1000 AY CONT DIRECT 
SETL=OO0SOMS INTGR=OSOMS AVE=01 
HOLD CALIB BIAS OFF 


11 .158oF . 
~U0004 


0> 10 NAND 5 CODE 
o> & 


part that is within 
+/- 20% of the 

: specified range 
value for the top 
measurement display 


and sets the HOLD 


mode accordingly. 


NOTE: The 2150/2160 allows zero calibration while in Range 
Hold (eliminating the need to go to AUTO, zero the fixture or 
clips and re-enter Range Hold). To do this, the instrument 
leaves Range Hold, calibrates each range, and returns to 
Range Hold. 


If a measurement is more than 100 times larger or smaller than the 
present range resistor, OUT OF RANGE will be displayed (ERROR ANALOG 
will be displayed on the highest or lowest range). Return to the 


continuous ranging mode by pushing the AUTO button. 


(See Section 2.9 CASSETTE TAPE LOADER for information on saving RANGE 
HOLD as part of a parameter file.) 
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2.5.4 Continuous and Single Measurements 


Continuous measurement mode is initially selected when instrument 
power 1S applied. In the Continuous mode the instrument makes 1 
measurement and calculates the selected display value. Immediately 
after a measurement 1s completed, a new measurement is initiated. The 
continuous measurement mode is entered by pushing the blue key 
followed by the CONT key. In Autorange, the CRT display is updated 


once every 500 milliseconds when medium measurement speed is selected. 


To perform single measurements, press the SGL button. The instrument 
will make one measurement and update the display. Single measurements 
can also be initiated via the rear panel remote start jack. Remote 
start requires a "de-bounced" switch or relay closure to ground to 


initiate a single measurement. 
Example: Set the instrument to the continuous measurement mode. 


Push Display Comments 


CONT 


Selects continuous 


HZ= 1000.8 NOM= FARADS 
1000 MY¥ CONT DIRECT 
SETL200SOMS INTGR=OSOMS AVE=01 
AUTO CALIB BIAS OFF 


99 BTL oF 
»HO001 


0> CONTINUGUS 
0> 


measurement mode. 


To set the VideoBridge to single measurement mode, push the SGL key. 
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2.5.5 Delete 


The DEL key removes the last character entered while programming data 
into the 2150/2160. 


Example: Set the nominal value to lOOUF. 


Push Display Comments 


p 
SS 
oe ee ee SS ae eee eines OOPS! Wrong prefix. 


{000 MY CONT DIRECT 
SETL#O0O0SOMS INTGR=0S0OMS AVE=01 
AUTO CALIB BIAS OFF 


99 .B Ho F 
.W0006 


0> CONTINUDUS 
o> 100 PIco 


— O > 100 PIC One character is 

DEL 

aaa O > 100 PI erased for each push 
DEL 

[call O >» 100 P of the delete key. 


(al 0 > 100 


Re-enter the correct data. 


Push Display Comments 


Correct value is 


HZ= 1000.0 NOM=100.000U FARADS 
1000 M¥ CONT DIRECT 
SETL=OOSOMS INTGR=OSOMS AVE=01 
AUTO CALIB BIAS OFF 


99 6 Ibo .. 
»U0005 


MICRO NOMINAL 


programmed. 


6> 100 
0> 
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If the entry has been terminated (by pushing the NOM button in this 
example), the DEL button will no longer remove the incorrect data. 


However, the correct data can be reprogrammed as a new entry. 


2-6 DEVIATION MEASUREMENT 


Two types of deviation measurement are possible with the Model 2150/ 
2160; deviation as a percent of nominal or absolute deviation from a 
nominal in units. Deviation measurements can be made using either 
autoranging or range hold modes. In the autoranging mode, the 2150/ 
2160 will change ranges to allow percent deviations from -100% to 
+999,999% of the preset nominal value (limited only by the number of 
digits displayed). In the range hold mode, the range of percent and 
absolute deviations are limited by the measurement ranges' upper and 
lower boundries. Deviation calculations require a small amount of time 


to complete, so measurement speed is decreased slightly. 


2-6.1 Nominal Value 


To make deviation measurements or to sort into percent tolerance bins, 
a nominal value must first be set. A nominal value can be programmed 
at any time. It is programmed as a number with multiplier and assumes 
the units in the top measurement display. The nominal value is 
compared with the measured value. The comparison result is displayed 
as the top reading on the CRT (in deviation mode) or indicated as an 


appropriately binned part (in sort mode). 


NOTE: A non-zero nominal value must be set when using any of 
the following: deviation mode, % sort mode, 8 CODE, -8 CODE, 
or 21 CODE. 
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To set a nominal value, enter the desired value with multiplier 
(p,n,u,m,k,M) then push NOM VALUE. The entry takes the same units as 


selected for the top measurement display. 


Example: Set a nominal value of 15.9nF. 


Push Display Comments 
qaqmaA 
NOM 
Slats 


HZ= 1000.0 NDM=15.9000N FARADS Nominal value takes 
1000 MY CONT DIRECT 
SETL=00SOMS INTGR=050MS AVE=01 


AUTO CALIB BIAS OFF 


1B .O4SnoF . 
.UO008 


0> 15.9 NAND 
o> & 


on the units of the 
top displayed 


, function. 


NOMINAL 


NOTE: Only one nominal value can be set at a time. To store 
the present measurement as the nominal value, press 


<O> <blue> <NOM> <blue> <NOM> 
(or just <blue> <NOM> if the nominal value is already 0). 


This is useful when making comparative measurements against a 
standard. 
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2-6.2 Deviation Mode 


The deviation mode (DEV) compares the nominal value against the 
calculated value shown as the top measurement display. This top 
display is replaced by the comparison results--shown as either a 


percent or an absolute deviation. To enter the percent deviation mode, 
push <DEV>. 


Example: Make deviation measurements using the nominal value set in 


the previous example. 


Push Display Comments 


Enter deviation 


H2Z= 1000.0 MOM=15.3000N FARADS 
1000 MY CONT 4 DEVIATION 
SETL=O00SOMS INTGR=O050MS AVE=01 
AUTO CALIB BIAS OFF 


+,899 ~~ 
»~UOO09 


O0> DEVIATION 
> 


EV 
D measurement mode. 


Deviation is the 


top displayed 


value. 


NOTE: xXCHG is disabled while in deviation mode. 


NOTE: Deviation is not available when OQ and D are both 
displayed. 
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2.6.3 Absolute Deviation 


The difference between the nominal value and the measured value (top 
reading) can be displayed as either absolute or percent deviation. 
Percent deviation is initially selected when power is applied. To 


display absolute deviation, push <blue> <ABS>. 


Example: Continuing with the previous examples, the instrument was 


displaying percent deviations. Change to display absolute deviation. 


Push Display Comments 


ABS 
Sa 


Display absolute 


HZ2= 1000.9 NOM=15.9000N FARADS 
1000 MY CONT ABS DEVIATION 
SETL=O00SOMS INTGR=0SOMS AVE=01 
AUTO CALIB BIAS OFF 


+143, ,F., 
00007 


O> ABSMODE 
0> 


deviation. 


Example: Return to percent deviation mode. 


Push Display Comments 


% 
Sl 


Display percent 


HZ= 1000.0 NOM=15.9000N FARADS 
1000 AW CONT 4 DEVIATION 
SETL=00SOMS INTGR=0SOMS AVE=01 
AUTO CALIB BIAS OFF 


+891 4... 
.O000'1 


0> @#xXMODE 
0> 


deviation. 


2- 64 
2150/2160 5/85 


2.6.4 Exit Deviation Mode 


To exit from the deviation mode, push <DIR>. The instrument will 
revert to the direct (normal) display mode. The top measurement 


reading will again display the calculated value of the device under 
test. 


Example: Continuing with the examples above, return to the direct 


measurement mode. 


Push Display Comments 


Exit deviation mode. 


HZ= 1000.0 NOM=15.90900N FARADS 


DIR 1000 MY CONT DIRECT 
SETL=005OMS INTGR=05O0MS AVE=601 
AUTO CALIB BIAS OFF 


16 .O4e oF .. 
»Q000't 


09> DIRECT 
o> 
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2./ COMPONENT SORTING 


The sorting mode allows the 2150/2160 to characterize components by 
tolerance. Components are categorized into one of thirteen 
programmed limit bins. There are 12 limit bins (eleven accept, one 
reject), numbered O through 11 plus one loss element reject limit, 
labeled REJ. Limits are arranged by the following method: twelve bins 
for the reactive element of the unknown (C,L,Z,Y,B,X) and one reject 
limit for its loss element (R,G,D,Q). The 12 bins sort components 
according to the measurement function of the top reading on the CRT. 


The bottom reading is subject to the reject limit (see Figure 2-11). 


Status Display Direct Display 
01 - 00% -00% 00000 HZ= 1090.0 NOM= FARADS 
b2 00% .00% 00000 1900 MY CONT DIRECT 
03 00% .60% 00000 SETL=00SOMS INTGR=0SOMS AVE=01 
04 00% .002% 00000 AUTO CALIB BIAS OFF 
05 002 -00% 00009 
06 00% .00% 00000 


07 ~ 00% ~-002% 00000 
08 00% ~-@0% 90000 
03 00% -60% 00000 
10 ~004 ~00% 00000 


he wo InF . 
ft ecittlurcr matt te eQO004 


REJ> .00000 R/X D . 00000 D 
NDM= .000P FaRaDs cs} 

0> STATUS (> DIRECT 

o> § o> § 


Figure 2-11. Component Sorting 


To properly characterize components, the test parameters should be set 
as close to the component's actual operating condition as possible. 
Before entering the sorting mode, set the test parameters (functions, 
frequency, test-sSsignal level, settling time, integration time, etc.) 
to the optimum conditions for the component to be tested. Refer to 


Section 2.4 for setting test parameters. 
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2.7.1 Status Display 


The Status display is used to set limits for SORT and GO/NO-GO 
displays. To enter this display, push <STAT> key. The status display 
consists of eleven accept bins (01-11), one main reject bin (00) and 
one loss element reject bin (REJ). Each bin has a lower limit value, 
an upper limit value, and a component counter. To switch from any 
display mode to the status display, push <STAT>. To switch back from 
status display to the previous display mode, push <STAT> again. 


Example: 
Push Display Comments 
. 002 00% 60000 Status display 

STAT 02 00% .00% o0000 
03 . 00% .00% 00000 format. 
04 00% .00% 00000 
05 . 00% .00% 00000 
06 00% .00% 00000 
07 . 00% .00% 90000 
08 00% .00% 00000 
09 00% .00% 00000 
10 00% .00% 00000 
11 00% 00% 00000 
00 NAIN REJECT BIN 00000 
REJC .000000 R/X D 00000 
NHOM= 0, FARADS CS 
0> STATUS 
o> 
H2= 1000.0 NOM FARADS Return to previous 

STAT 1000 MY CONT DIRECT 
SETL=COSOMS INTGR=0SONS AVE@01 measurement display. 
AUTO CALIB BIAS OFF 


99 .B TT oF 
»U0004 


O> DIRECT 
0> 
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The display also contains the programmed nominal value, units, and 
function for bins O-ll, and the units, component counter, and function 
for the reject limit. The priority for limits comparison is to compare 
a measured value first against the minor component limit, then against 
each individual bin limit from top to bottom on the display, i.e. REJ, 
Ol-1l1, OO. 


2-7-2 Programming Limits 


Limits may be set in absolute units or as percent deviations from the 
nominal value. When instrument power is applied, the 2150/2160 is in 
the percent limits mode. Each bin is defined by an upper and a lower 
limit. If only one value is entered when selecting limits for a bin, 
the VideoBridge assigns the positive value of the entry as the upper 
limit and the negative value of the entry as the lower limit. If two 
different values are entered as limits for a bin, the lower value is 
assigned as the lower limit and the higher value is assigned as the 


upper limit. 


NOTE: Percent limits mode MUST have a nominal value set or 
else BIN O will always be selected. Absolute limits mode 
does not require a nominal value. 


In either the absolute or percent mode, there are two methods of 
programming bin limits--"nested" and "sequential". In nested binning, 
the limits for each bin are set around the nominal value. Since the 
VideoBridge checks bins in order from 1 to 1l, the span of limits must 
be increasingly larger for each succeeding bin. (Example: Bin l = -1%, 
1%; Bin 2 = -2%, 2%; Bin 3 = -5%, 5%; etc.) 


In sequential binning, the limits for each bin are not set around the 
nominal value. This method is more flexible and allows separation of 
high values from low values. (Example: Bin 1 = -5%, -3%; Bin 2 = -3%, 
0%, Bin 3 = 0%, +5%; Bin 4 = +5%, +10%; etc.) 
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To set values for bins O-1ll, push: 

<number> (representing the first limit value), <ENTER>, 

<number> (representing the second limit value), <ENTER>, 

<number> (representing the bin in which the limit will be entered), 
<blue> <BIN#>. 


For nested binning, positive and negative values of the same percent 
value (i.e. +/- 1%) for any bin are entered by pushing <value> 
<ENTER> <desired bin #> <blue> <BIN #>. 


Example: Set bins 1-3 for limits of +/—- 5%, +/- 10%, +/— 20%. 


Push Display Comments 


Oooso 


01 -5. 00% #5.00% 00000 If only one value 


ENTER 02 -10.00%  +10.00% 09000 
BIN # 03 -20.00%  +20.00% 60000 1s entered per bin, 
SS 04 00% .00% 00000 
aed Cd Od DSI) 5 ae Sree. NCaAG the: Videeneides 
Y d 06 00% -00% 00000 
BIN # 07 002 00% 00000 , 
coat [oes Jom James] [oot Os 
. os -00% 200% 00000 * . : 
2 0 ENTER 3 10 * 00% " ae 6oeen limits for that bin. 
11 ~00% -002% 00000 
00 MAIM REJECT BIN 90000 
REJ> .00000 R/x D 0008 


o> & 


COOP FARADS CS 


Example: Set bin 1 for limits of -20%, +80%. 


Push Display Comments 


CODE 


a 


-20. 00% 480.002 Asymmetrical bin 


b2 00% .002 60000 a 
limits are entered 


03 . 002 .00% 00000 

2000 Si tac 
MTT 05 - 00% -00% 00000 in percent mode. 

- d 0 06 002 .00% 60000 

07 . 00% .00% 00000 

0B 00% ,00% e000 

09 . 002 .002% 90000 

é 0 ENTER 10 00% .00% 90000 

BIN # 11 00% .00% 60000 

SS 00 MAIN REJECT BIN 00000 

= SS staal REJ> .00000 RX Bp 60000 


o> § 


~-000P FARADS CS 
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The preceeding examples used nested limits in percent mode. 


To program absolute value limits, push <blue> <ABS> to put the 


instrument in absolute mode. 


Example: Set bins 1-6 for sequential limits above and below 100nF. 
BIN 1 = 80-90nF BIN 2 = 90-95nF BIN 3 95-100nF 


BIN 4 = 100-105nF BIN 5 = 105-110nF BIN 6 = 110-120nF. 
Push Display Comments 
ose me 80.0000N  90.0000N Bins may be programmed 
Sooo oe cqnGH) tah Gann in any order. Limit 
a2a4p - 105. 0008 116. 000n sequences for consec- 
sie Sapper. ee ees - 800P -000F utive bins do not 
Lee ed Sd —] gebted pte need to be adjacent. 
NOIOSsOo8Ooso Hah aro oer However, they should 
oe Joe oe SS Tos a) TaAgP Faris cs not overlap. 
2AASeRAso 
AARaOn 
222809778 
7ARRaop 


222807 7SE 


Remember to enter the units multiplier after each limit in absolute 


mode. No nominal value needs to be set in this mode. 
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The minor reject limit (REJ) should be set before entering the SORT 
mode. It is a limit for the minor function (bottom measurement display 
when in direct display format). Reject limit is set as an absolute 
value for both absolute and percent mode. To program the reject limit, 
push: 

<number> (representing the limit of minor function) 

<blue> <MINOR>. 


Example: Set the maximum limit of D (minor parameter) to 0.005. 


Push Display Comments 


01 80.0000N 30. 0000N 00006 
02 90.0000N 95. OO00N 00000 
03 95. 0000N 100. 000N 00000 
64 100.000N 105. 000N 60008 
05 105.000N 110. 000N 00000 
06 110.000N 120.000N 00000 


ore 


07 - OOOP - O00P 00000 
08 -O900P - $00P 60000 
09 » O00P - S00P 00000 
10 -SO00P - OO0P 00000 
it - 000P - OOOP 00000 
00 MAIN REJECT BIN 00000 
REJ> .00500 R/X 0 00000 


NOM= -GOOP FARADS CS 
68> .905 MINOR 
o> 


NOTE: If the minor reject limit is set at 0, the minor 
reject test is ignored. 


NOTE: The reject limit is either a maximum or a minimum 
value depending on the measurement function of the bottom 
display on the CRT. Maximum or minimum is displayed as: 

Rej > = Maximum Limit (all functions except G, B, Y, and Q) 


Rej < = Minimum Limit (G, B, Y, and Q) 
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2.7-3 Bin Counters 


Adjacent to each of the bins (O-l1l and REJ) is a five-digit counter. 
The counter records the number of components that fall within the 
limits for each bin. During the sorting operation, the counter will 
record up to 65,225 parts for each bin. To view the counters and to 
stop the sorting operation, push the STAT key. To restart the sorting 
operation, push SORT. The bin counters for all bins (0-11 and REJ) are 
reset to zero by programming test code 2. Also, changing the nominal 
value also resets bins 0-11, while changing the minor reject limit 


resets bin REJ. 


NOTE: Bin counts are only incremented in the_ single 
measurement mode. 


2.7.4 Sort Mode 


Component sorting is always active in single measurement mode. To 
ensure accurate sorting to the desired bins, all test parameters and 
limit values must be set before entering the sort mode. When the SORT 
and SGL keys are pushed, the display indicates BIN number for each 
component measured (BIN R = minor reject). The appropriate Handler 


relay is activated if the Handler Interface is installed. 


Activating the Handler relay allows testing the Handler setup before 
actual sorting begins. The Handler setup is checked by using the 
CONTINUOUS measurement mode. The CONTINUOUS measurement mode can be 
used to measure results without incrementing the bin count. Figure 


2-12 is a sorting mode preparation check list. 


NOTE: The bin counter is always active when in the Single 
measurement mode, regardless of the status of the sort mode. 
It is also active under other displays -- GO/NO-GO, % DEV, 
ABS DEV. If no bin limits are set when a component is 
measured in single mode, it will be binned as a major 
reject (BIN 0). 
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TEST PARAMETERS (Direct Display) 


Press <DIR> 
SET: Top Display Function 

Bottom Display Function 

Frequency 

Signal Level 

Settling Time 

Integration Time [] Speed (FAST, MED, SLOW) 
Number of Averages 


Calibrate Clips/Fixture 


EG AEG Ere 


Range HOLD or Auto Range 


BINNING LIMITS (Status Display) 


Press <STAT> 
SET: Major Limits for Bins O —- ll 

Minor Reject Limit (REJ) 

Nominal Value (required for % mode) 
Select SORT or Handler Mode 


Press <SGL> to begin sorting 


WE Ea oo 


Figure 2-12. Sorting Mode Preparation Checklist 


To enter the sort mode, push <SORT>. Entering the sort mode sets the 
instrument to the single measurement mode. Measurements are initiated 


by either pushing the SGL key or receiving a remote start signal. 


In SORT mode, the word BIN and a number are displayed. The number 
represents the bin into which the component was sorted. If the 


component exceeds the REJ limit, the display will read BIN R. 


NOTE: Programming test code 26 displays top and bottom 
display measurements along with BIN # while in SORT (see 
section 2.7.6). , 
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Example: Continuing with the preceding examples, enter the sorting 


mode and make several measurements. 


Push Display Comments 
HZ= 1000.0 NDM= FARADS Initiate sort mode 
SORT 1000 MY SINGLE SORT 


SETL=005OMS INTGR=O050MS AVE=01 
AUTO CALIB BIAS OFF 


HIft 


measurements by 


“S6L pressing SGL key. 


O0> SINGLE 
6> 


$0. 0000N 


S0.0000N 


00003 


Check the status 


STAT 02 90.0000N  95.0000N 00000 
03 95.0000N  100.000N 00000 display and note bin 
04 100.000N  105.000N cocacg 
05 105. 000N 110. 800N 00000 counter totals. 

06 110.000N  120.000N 60000 

07 . 000P .000P 00000 

08 . OOP poop 00000 Adding totals from 
09 . 0O0P ,000P 60000 , 

10 . O00P .000P 00000 all bins indicates 
11 .000P .000P 00000 

00 WAIN REJECT BIN 00000 number of measure- 
REJ> .00500 R/X D 00000 


NOM= -QCOP FARADS CS 
> STATUS 
0> 


ments taken. 


To view the bin status, push STAT key. When the STAT key is pushed and 
the bin status is being displayed, the sorting function is still 
active. The nominal value and all limits are left intact. To return to 
the sorting display, push SORT key. The bin counters will continue to 


increment from their previous totals. 
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2.7.5 Component Sorting Example 


This example is to illustrate the concepts presented in this portion 
of the manual. It is a typical setup, starting from the instrument 
power ON condition. Sort 100nF capacitors into tolerance bands of +/- 
13, +/- 5%, +/- 10%, +/- 20% with a maximum limit on D of 0,005. 
Other test parameters include: frequency--1lkHz, signal level--1000mvV 


RMS, measurement speed--MED, test fixture--calibrated (CALIB). 


After all parameters are programmed and the test fixture has been 
calibrated (see Section 2.3.5), the example will show how to start the 
sorting operation, stop sorting to look at the bin counters, and 
restart the sorting operation. The example will end by showing how to 


exit the sorting mode and return to direct mode. 
Example: 
Test Parameter Setup 


Push Display Comments 


eee eel = HZ= 1000.0 NOM= FARADS Go to direct display. 
f 1000 MY = CONT DIRECT 


DIR C D f SETL=O0SOMS INTGR=OSONS AVE=01 Set measurement 
AUTO CALIB BIAS OFF 


gg (B92 nF | functions. 


.000035 


NOTE: In this example, test frequency, signal level, 
settling time, integration time, measurement averaging, and % 
mode did not need programming because the 2150/2160 
initialized to these functions when power was applied. 
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Limits Setup 


Push 


STAT 


QoOso 


ENTER | 


QQoSso 


td 
QOS 


wed 
QOoasoso 


Display 


00% +1. 
62 -5.002 +#§.00% 60000 
03 -10.00% #10.00% 00000 
04 -20.00% #20.00% 00000 
05 -00K 00% 000006 
06 ~002 cox 00000 
07 004 00% 908000 
08 00% 602% 900000 
09 . 00% 00x 00000 
{0 002 00% 00000 
11 002 .60% 900000 
00 MAIN REJECT BIN 00000 
REJ> .00500 RX 0 00000 


NOM=100.000N FARADS CS 
0> 100 MAND NOMINAL 
o> § 


Begin Sorting Operation 


Push 


Display 


HZ= 1000.0 NOM=100.000N FARADS 


1000 MY SINGLE SORT 
SETL=O0050MS INTGR=OSOMS AVE=01 
AUTO CALIB BIAS OFF 


HIN Ri 


O> SINGLE 
0> 


2—- 76 
2150/2160 


Comments 


Limit values must 

be set in ascending 
order from Bin 1 to 
Bin ll. Within each 
bin, the VideoBridge 
will enter +/- per 

cent limits for each 


value entered. 


Comments 


Components exceeding 
the minor reject 


limit will display 


BIN R. 


View Bin Counters 


Push 


STAT 


Display 


01 -1.002 #1.00% 00014 
0e -5. 00% +#§.00% 60011 


03 ~10.002 #10.80% 80010 
04 -20.00% #20.00% 60013 
05 .002 -80% 60000 
06 ~004 80% 00060 
07 00% -@0% 00860 
08 2002 00% 80000 
09 ~00% -00% #09086 
10 ~002 80% 60000 
il ~00% 80% 60000 
O00 j° MAIN REJECT BIN 60000 
REJ> .00509 R/X D 60001 


MOM=100.000N FARADS CS 
o> STATUS 
o> & 


Return to sort display and resume sorting 


Push 


S6L 


Display 


HZ= 1000.0 NOM=100.000N FARABS 


1000 MV SINGLE SORT 
SETL=00SOMS INTGR=0508S AVE=01 


AUTO CALIB BIAS OFF 


(> SINGLE 
O> 
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Comments 


Exit sort display. 
Note binning distri- 
bution. Remember that 
sorting is still 
active in this 


display. 


Comments 


Re-enter sort mode 
and increment 


counters. 


om fee SS 


STAT 


Clear Bin Counters 


Push 


l 


Display Comments 


CODE Return to status 


display. Enter 2 CODE 


-1.002 +#1.00% 60000 
02 -5.80% #5.00% 60000 
03 -10.002 410.002 60000 


04 -20. 060% 428.00% #80000 

05 00% 200% 60000 to reset all bin 
06 .002% .00% #0000 

07 00% .00Z% 00000 

“is ans “sex 90080 counters to zero. 
03 002 .00% 009900 

10 00% .00% 00000 

11 00% .60% 00000 

90 MAIN REJECT BIN eo0oc 

REJ> .00500 RX Bp eo0o0c 


NOM=100.600N FARADS CS 
o> 2 CODE 


o> & 


NOTE: To reset all counters to zero as well as clear all bin 
limits, program -—2 CODE. 


Component Sorting Summary: 


Consult the Sorting Mode Preparation Checklist in Figure 2-12 
before sorting. If no limits are set, operating in SINGLE 


measurement mode will bin the part as a major reject. 
The bin counters only work in SINGLE measurement mode. 


Binning in percent mode requires a nominal value. Absolute 


value limits do not require that a nominal value be set. 


To clear all bin counts, program 2 CODE. To clear all bin 


counts and bin limits, program -2 CODE. 
The span of "nested" bin limits must widen as bin numbers 
increase. The higher the bin number, the wider the span of 


limits must be compared to the span of the previous bin. 


Bin counts are updated with Non-Volatile Memory (Section or 
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2-7-6 Handler Mode 


<8> <blue> <CODE> - Disables CRT display for use with the Handler 
Interface option and locks the keyboard. This code provides fastest 
VideoBridge measurement speed for handler operation. The display 
clears and shows "Now In Handler Mode". To deactivate 8 CODE, 
momentarily ground Pin 21 of the Handler Interface Card's rear panel 


connector. For more information on handler operation, see section A.l. 


<-> <8> <blue> <CODE> - Displays the BIN number in large display 
characters, measured values in small characters and locks the keyboard 
for use with the Handler Interface option (see Figure 2-13). Display 
update increases measurement time by about 110ms compared to normal 
handler operation. Use of peripheral devices (such as a printer) also 
increases measurement time. Deactivate -8 CODE in the same manner as 
-8 CODE. Both 8 CODE and -8 CODE put the VideoBridge into SINGLE mode. 


NOTE: Neither 8 CODE nor -8 CODE can be saved in Non-Volatile 
Memory (see Section A.3). 


<2> <6> <blue> <CODE> - When in SORT mode, 26 CODE displays the top 
and bottom display values in small characters (see Figure 2-13). The 
appropriate bin relay is activated if the Handler Interface is 
installed. The BUSY signal is not asserted in this mode. The keyboard 


is not locked under this mode. This mode is cleared by -26 CODE. 


H2ei00t,0 NOM= FARADS 
1000 WY SINGLE SORT 

SETLEQQOSOMS INTGR=QOSOMS AVES! 
AUTO BIAS OFF 


RIM O 


1,0062t 
.oooes 


‘a IN HANILER MODE 


Figure 2-13. -8 CODE and 26 CODE Display Format 
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2.7.7 Binning Priority 


Test Code 15 redefines the binning priority of the VideoBridge for 
capacitor testing. 


NOTE: MAJOR as used in the following discussion means 
the primary, or reactive element of the 
unknown, C. The MAJOR value is the top 
display function. 


MINOR. as used in the following discussion means 
the secondary, or loss function of the 
unknown, D. The MINOR value is the bottom 
display function. 


The normal (default at power up) bin priority selection is as follows: 


REJ Does part fail as a MINOR reject? If yes, 
select BIN REJ. 


BINS 1-11 If no, does part's MAJOR value fall into an 


accept bin? If yes, select appropriate BIN. 


BIN O If no, part fails as a MAJOR reject. Select BIN 
O. 


Under the above selection process, all High D parts are sorted as 
minor rejects. Since open-circuit parts will be measured as high D and 
low C, they would normally be binned as D rejects. 15 CODE provides an 
additional measurement on parts detected as D rejects rather than 
immediately binning them as Bin REJ. When 15 CODE is entered, the 
VideoBridge continues to test a D reject part against the bin limits. 
If the measured C value of the part does not fall within the limits of 
a programmed bin, it is sent to Bin 0 (MAJOR reject). If the measured 


C value of the part does fall within the limits of a programmed bin, 
it is sent to Bin REJ (MINOR reject). 
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Test Code 15 redefines binning priority to the following: 


REJ Does part fail as a MINOR reject? 
If yes, does part's MAJOR value fall into an 
accept bin? If yes, select Bin REJ. If no, 
select Bin 0O. 


BINS 1l-1l If no, does part's MAJOR value fall into an 
accept bin? If yes, select appropriate BIN. 


BIN O If no, part fails as a major reject. Select BIN 
O. 


To use, push <l><5> <blue> <CODE>. To clear this mode and return to 


normal bin selection priority, push <-> <l> <5> <blue> <CODE>. 


NOTE: The status of 15 CODE is not indicated on the CRT. 


2.7.8 GO/NO-GO Mode 


The GO/NO-GO mode takes advantage of the CRT display during hand 
sorting operations. When in the GO/NO-GO mode, the words "PASS" and 
"FAIL" appear on the CRT. If no minor limit is set, components which 
would normally fall into BIN 1 will cause the left side of the screen 
to illuminate under the word "PASS." If a minor limit is set, the 
component must pass both this limit and the Bin 1 limit for a "PASS" 
condition. All other BIN decisions will cause the right side of the 


screen to illuminate under the word "FAIL." 


The GO/NO-GO mode operates in either CONTINUOUS or SINGLE measurement 


mode. However, the BIN counter is active only when in the SINGLE mode. 


To enter the GO/NO-GO mode, push <2> <l> <blue> <CODE>. To exit this 


mode, enter any other measurement mode, e.g. DIRect, DEViation, SORT. 
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Example: From initial power up, set test parameters of: Nominal Value 
= InF, BIN 1 limits = +/- 10%, Dissipation reject limit = Ove Ls 
Calibrate the test fixture. Connect a part of the value to be 


measured. Enter FAST and Range HOLD for maximum testing speed. 


Push Display Comments 
= 
n NOM 
OSU 


Entering Range HOLD 
exits Auto LRC. Set 


HZ= 1000.0 NOM=1.00000N FARADS \N 
1000 RY CONT DIRECT 
SETL=O000SMS INTGR=010MS AYE=01 
HOLD CALIB BIAS OFF 


1 OOnF ., 
JO000e 


0> HOLD 
o> & 


nominal value to IlnF. 


01 -10. 002 +10.00% 00000 Set BIN 1 to +/-10% 


ve ~ 002 -00% 00000 


STAT 


_ pie 03 .002 .00% 00000 of the nominal value 
js Yomes Yemen Yemen [SSS Yom TTT 
ne eee 05 . 00% 002% 00000 and REJ > 0.1 D. 
on : = oon 
ae eee [SS [| 08 00% 00% 00000 
: 69 . 002 .00% 00000 
10 .00% 09% 00000 
11 00% .00% 00000 
00 RAIN REJECT BIN 90000 
REJ> .10000 R/X B 00000 
NGM=1.00000M FARADS CS 


MINOR 
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Push Display Comments 


CODE 


on een SS 
y 1 


HZ= 1000.0 NOM=1.00000N FARADS Enter GO/NO-GO 
1000 MY CONT GO/NoGo 
SETL=O00SMS INTGR=010MS AVE=01 


HOLD CALIB BIAS OFF 


mode. This setup 


condition is 


PASS FAI 


indicated by the 
words "GO/NO-GO", 
"PASS" and "FAIL" on 
the CRT display. 
"FAIL" will be 


indicated when no 


(> 21 CODE 
o> & 


part is connected. 


The GO/NO-GO mode is often used in continuous mode. However, to use 


bin counters, the SGL key or the footswitch must be pressed. Measure 
several parts by pressing <SGL>. 


Push Display Comments 


10 times 


HZ= 1000.0 NOM=1.00000N FARADS 
1000 MY SINGLE GO/NOGO 
SETL=OQ0SMS INTGR=O1L0MS AVE=01 


HOLD CALIB BIAS OFF 


10 measurements are 


made in single mode, 


each indicating a 
PASS FAIL 


PASS condition. 


O> SINGLE 
0> 


“= BS 
2150/2160 


Push 


STAT 


Display 


-16.002 #10.00% 
$e 2002 ~00X% 600600 
03 004 -COxX 60000 
04 ~ 002 -09% 60000 


0S 004 ~00X% 60000 
66 » 002 -90% 06000 
07 ~ 00% ~00% 00000 
08 ~002 00% 80000 
69 » 00% 00% #0000 
10 002 ~GOX% 00000 
ti ~002 ~-COX 00000 
00 BAIN REJECT BIN 60000 
REJ> .10000 R/X bY 60000 


NOM=1.00000N FARADS CS 
0> STATUS 
og 


To continue testing with GO/NO-GO display, 


counters will continue to increment. 


before entering 21 CODE (see Section 2.7.5). 


Push 


CODE 


on en [SS 
l 1 


Display 


HZ= 1000.0 NOM=1.00000N FARADS 
1000 MY SINGLE GO/NOGO 
SETL=0005MS INTGR=010M3S AVE=01 
HOLD CALIB BIAS OFF 


PASS FAIL 


O> 21 CODE 
o> §j 


Comments 
Pressing the STAT key 


displays BIN STATUS 


counters. 


enter 21 CODE. The bin 


To clear counters, enter 2 CODE 


Comments 


Re-enter GO/NO-GO 
Mode. 


Exit GO/NO-GO mode by selecting another display mode: SORT, DIiRect, 


DEViation. 
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2.7.9 Outputs Connector Wiring 


The order of outputs via the output connector on the Handler Interface 


card is listed in Table 2-8 (for more information on Handler Interface 
operation, see Section A.l). 


Table 2-8. VideoBridge Outputs Connector Wiring 


PIN) NUMBER FUNCTION 


1 
2 
3 
4 
5 
6 
t 
8 
9 


11(E 
+5V (SYSTEM) OUT 


SYSTEM GROUND 
START IN | 
BUSY OUT 
BUSY COM 
START COM 
KEYBOARD UNLOCK 

*Tegam recommends that Pin 12 (+5V OUT) and Pin 13 (SYSTEM GROUND) not 


be used. Noise introduced into the Model 2150/2160 through these con- 


nections may affect measurements results . 


NOTE: Pin 17 is Bin R which is the REJ bin. 


NOTE: Pin 15 (Bin 11) is used for the End of Conversion 
(EOC) signal when test code 16 is entered. THIS MAKES ONLY 
10 ACCEPT BINS AVAILABLE INSTEAD OF ll. When the EOC feature 
is cleared (-16 CODE), Bin 11 is again available. Do not use 
16 CODE unless Bin 11 limits have been set to zero. 
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2.8 MEASUREMENT SPEED 


Overall Measurement Speed consists of three main parts: Measurement 


Time, Calculation Time, and Display Time. 

In SINGLE mode, overall measurement speed is the sum of all times. 

In CONTINUOUS mode, the calculation of the previous measurement i158 
done during Measurement Time, which increases speed. Overall 
measurement speed is the larger of either [measurement time + 5ms] or 
[calculation + display time + 5ms]. 


Overall measurement speed can be found by using the formula: 


Overall Measurement Speed = Measurement Time + Calculation Time + 


Display Time 


Where: Measurement Time [# of Sample Times + Settling Times] 


x # of Measurements Averaged 


Calculation Time 75ms 


110ms Direct display 


Display Time 
50ms Sorting display 


All measurements and calculations are driven by various phases of the 
7.68MHz clock signal from the motherboard. Test frequencies can 
interact with synchronizations of this clock and cause variations in 
several measurement speed elements: Settling Time, Integration Time, 


Tailoff Time, and Linelock Time. 


These variations show up as discrepancies between values entered and 
values displayed (usually about 3-5ms). As a result, all stated 
measurement speeds are approximate--the methods and formulas for 


determining exact speeds are beyond the scope of this manual. 
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TAILOFF 
TIME 


INTEGRATION 
TIME 


SETTLING 
TIME 


Yy 1 N 2 N 3 N 4 N 5 N cast (stoke) 
“Z S S \ 

SAMPLE 

TIME 


TAILOFF 
TIME 


INTEGRATION 
TIME 


SETTLING 
TIME 


i DETECTOR REVERSAL as 
iNaoaN 4 oN. > Ns Nano” 
YA iN? N°N‘NON‘SN’N * NS 
opel 
TIME 
TAILOFF 
TIME 
INTEGRATION 
Tete SETTLING 
SETTLING TIME 
TIME 
3 GENERATOR REVERSAL ————+ 
\ \ N.S N,N 
Ne 2 3 4 Yy 5 6 7 8 
YN 'N?*N?°N ‘QA 'N'N’N' Nie 


LINELOCK SAMPLE LINELOCK 
TIME TIME TIME 


Figure 2-14. Detector and Generator Reversal Measurement Sequences 


Settling Time is the time required for the analog voltage representing 
the unknown to settle to the desired accuracy. Settling times between 
2ms and 1500ms can be programmed in lms steps. Settling time values 
are dependent on the type of component being tested and/or require- 
ments of externally connected equipment. Typically, smaller impedances 
require longer settling times. 


Integration Time is the combined periods of test frequency cycles 
during which the A/D converter is making the measurement. Integration 
time is one of three measurement time elements that can be programmed 
(Settling Time and Number of Averages are the others). Values for 


Integration Time may be programmed within the following range: 
2ms < I.T. < 600ms 


See Section 2.8.2 for more information on determining integration time. 
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Tailoff Time is the fixed portion of measurement time which is set at 
approximately 5ms. During tailoff time the A/D converter is brought to 
zero, and the coarse and fine counters are accumulating measurement 
Gata. Due to variations caused by the synchronization of internal 


timing, tailoff time can range from 4ms to 6ms (see Sample Time). 


Sample Time is Integration time + 4ms of Tailoff time rounded to the 


next higher even number. For example, 27.5ms + 4ms = 31.5ms —~ 32ms. 


oiaaae TOTAL SAMPLE TIME 4 
COARSE 


INTEGRATION TIME AND 


FINE 
COUNTS 


(TAILOFF TIME) 


| 
| \ 
| | 
| | ; 4 
1 | ) | 
1 | | 1 | 
1 | | ; | 
| | ) | 
| | , | 
121 | 12) 


1 121 7 12) 3 121 1 231 4 
1 = Integration on measured signal. 
2 = Integration on mixture of measured and reference signal. Coarse 
counter sums these periods. 
3 = Integration on reference signal only. Coarse counter sums this 
with previous periods. 
4 = Integration on fine reference. Fine counter monitors this period 


adding its count to the coarse counter total (1 coarse count = 
1024 fine counts). 


Figure 2-15. Sample Time 


Detector Reversal is the sinewave detector reversing polarity after 
the fourth sample time. The second series of measurements are made in 
the opposite polarity. These two series of measurementsS-~ are 
algebraically added (i.e. (1-5) (2-6), (3-7), (4-8)), to cancel offset 
voltages in operational amplifiers and synchronized line related 
pickup. Neither linelock time nor additional settling time is required 


for this measurement method. 
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Generator Reversal (below 200Hz) is the sinewave generator reversing 
polarity after the fourth sample time with settling time and linelock 
time added before the first and fifth sample times. It is enabled by 
programming 25 CODE--the VideoBridge will perform generator reversal 
below 200HzZ and switch to detector reversal at or above 200Hz. 


Cancellation of op amp offsets is the same as for detector reversal. 


FAST Measurement Mode is enabled by pressing the <blue> and <FAST> 
keys. This puts the VideoBridge in its fastest preset measurement mode 
by performing an altogether different sample routine. The normal 
VideoBridge reversal routine compares the first four integration 
measurements of the unknown and standard against opposite polarity 
measurements oof the unknown and- standard. In FAST mode, the 
VideoBridge compares the first four measurements of the unknown and 
standard against a zero reference measurement (to ground). 
Measurements are subtracted from this reference instead of from 
opposite polarity measurements. This requires less time (five sample 
measurements are taken instead of eight -- see Figure 2-16), while 


still providing adequate offset cancellation. 


NOTE: Five measurements are taken only when the test 
frequency is at or below 10kHz. Above 10kHz, eight 
measurements are taken to improve the signal-to-noise ratio. 


Linelock Time (generator reversal only) is the average time for the 
line frequency to reach the zero crossing point with a positive-going 
Slope. Linelock time is added to settling time for test frequencies 
between 20Hz and 200HzZ. Linelock time can vary, depending on the phase 
relationship at any given time of generator reversal to line 
frequency. Worst case is the period required for two complete line 
voltage cycles (one per half measurement sequence, or 33ms total at 


60Hz). For test frequencies above 200Hz, linelock time is zero. 


NOTE: Linelock time for 50Hz line frequency is 20ms per half 
measurement (40ms for one full measurement sequence). 
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Measurement Time is the total time from start to end of a measurement 
sequence. For generator and detector reversal, integrations 5 through 


8 are made with the generator/detector polarity reversed. 


SS 0° 90° | ge SS 
YH vu N vu N ve Nove Noon N FAST (s10kHz) 
Ye S S y 


SAMPLE | SAMPLE | SAMPLE | SAMPLE | SAMPLE 
aa TIME TIME TIME TIME TIME 
2 3 4 5 
J+ DETECTOR REVERSED om 
9° N 90° N 0° 90° -0° \ -90° -0° -90° DETECTOR 
Yy vu NY vu NY ove WY ovR NAY VU NY WU OY SOR Nive N REVERSED 
: VY N NS N x x N N 
SETTLING | SAMPLE | SAMPLE | SAMPLE |. SAMPLE | SAMPLE | SAMPLE | SAMPLE | SAMPLE 
ake TIME TIME TIME TIME TIME TIME TIME | TIME 
2 4 5 é 7 
made GENERATOR REVERSED —__—__- 
Yr 9° Noe 90° ~0° -90° NY -0¢ N) -90° NY GENERATOR 
YN VU N a \ VR WY vR WS Yj” VU \ vU NY vr NY ve” WY REVERSED 
AN \ ® \ \\\ \ 
SAMPLE | SAMPLE | SAMPLE | SAMPLE SAMPLE | SAMPLE | SAMPLE | SAMPLE 
SETTLING TIME | TIME TIME I SETTLING TIME TIME | TIME | TIME 
TIME 2 ii 6 8 
LINELOCK LINELOCK 
TIME TIME 


Figure 2-16. Measurement Cycles 


Formula Summary 


8(sample) + 2(settling) + 2(linelock) 


Generator Reversal 


Detector Reversal = 8(sample) + 1(settling) 

FAST (< 10kHz) = 5(sample) + 1(settling) 
Sample time = Integration time + tailoff 
Tailoff time = 4ms to 6ms per sample 
Linelock time = 16.7ms (60Hz line frequency) 


= 20ms (50Hz line frequency) 
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Measurement Averaging is n x (measurement time) Where: n is an integer 
between 1 and 20 (see Figure 2-17). Measurement averaging is the third 
measurement time element that is operator programmable (along with 
settling time and integration time). Averaging reduces noise in the 
readings by adding a selected number of measurement results and 
dividing by the number of measurements. The process is the same at any 


frequency. 


-—__ GENERATOR REVERSED ————_- 


2 N oF NY soe NV oe 90° N -0c NY -90° -0° NY -90° 

Wu \N Yy N 

2 YW vu W vu \ VR N VR \ YH U NS vu N VR N ve N 
GENERATOR REVERSED + 

, YN NN % N & K aN @Nn one ; 

: Yj vu WY) vu N VR \ VR \ VU S VU N VR ‘ VR N 


-0c NV -90° -0° 
U 


one o RS ne °o o 
N 0 9° NY o 90 N -s0 
YN Nw N aS Nw N ve Nive N 


| CALCULATION 
n X (MEASUREMENT TIME) Where n = 3 


TIME 


N 

\N 

WK 
}+—_—__—. GENERATOR REVERSED —————+ 

N 

Yi. 


Y//2 


MEASUREMENT MEASUREMENT MEASUREMENT 


TIME 3 


Figure 2-17. Measurement Averaging (Generator Reversal) 


Where: VU = Voltage across unknown (device-under-test) 


VR Voltage across range resistor 


Calculation Time is the time required to calculate display information 


from the raw measured data (approximately 75ms). 


Display Time is the time required to display results on the CRT 


(approximately 110ms in DIRect, 50ms in SORT). 


2 = 91 
2150/2160 


In addition, VideoBridge options (GPIB, RS-232C, Handler Interface) 


also affect Overall Measurement Speed: 


For GPIB measurements, add 350ms per measurement in FAST and SLOW 


modes, 400ms in MEDium to standard VideoBridge measurement speeds. 


For RS-232C measurements, use the baud rate set at the factory (9600) 


and range HOLD to achieve optimum measurement speeds. 


The VideoBridge with Handler Interface option can be programmed to 
operate without display (test code 8). Eliminating display saves up to 
110ms per measurement. By selecting FAST mode along with minimum 
Integration and Settling times of 2ms, the VideoBridge with Handler 
Interface can make up to 9 measurements per second. Refer to Section 


A.1 of this manual for more information on Handler Interface timing. 


NOTE: All speeds listed are approximate. Specified times may 
vary by 3-5ms due to internal clock synchronization. 


Meaningful determination of measurement speed depends on specifying 
the following conditions: 


1) test frequency 7) value of component-under-test 
2) integration time 8) baud rate (if applicable) 
3) settling time 9) FAST vs. MEDium vs. SLOW 
4) number of averages 10) single vs. continuous 
5) display mode 11) range hold vs. auto range 
6) test signal 12) bias on vs. bias off 
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FAST/MED/SLOW selection sets initial integration time, settling time, 


and number of averages. These may be used as is, or they may be reset 
to any desired level (see Section 2.8.1). 


Table 2-9. Preset Measurement Speeds 


DIRECT SORT and GO/NO-GO HANDLER®* 


~6/second 

FAST | ~ ~ 

rast 4 measurements/second ] measurements/second 
MEDIUM | ~2 measurements/second | ~2 measurements/second | ~2 measurements/second 
SLOW ~5 seconds/measurement | ~5 seconds/measurement | ~5 seconds/measurement 


*Single mode only, 8 CODE enabled 
**2ms SETL, 2ms 1.T., frequency >500 Hz 


These measurement speeds are typical under the following conditions: 


frequency = lkHz value of component-under-test = InF 

I.T. = determined by baud rate = 9600 (if using RS-232C) 
FAST/MED/SLOW 

SETL = determined by FAST/MED/SLOW = see table 
FAST/MED/SLOW 

AVG = determined by measurement mode = continuous (unless 
FAST/MED/SLOW indicated as single) 

display mode = see table ranging status = HOLD 

test signal = 1000mv bias = OFF 


The following examples illustrate how to calculate measurement times 


under different test conditions. 
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Example: Speed for measuring a I1InF capacitor in single measurement 
mode, MEDium preset measurement time selected (SETL = 50ms, 
I.T. = 50ms, and AVG = 1), DIRect display mode, Range HOLD, 
bias OFF, 1000mV, 1kHz, is calculated as follows: 


Integration time = 50ms 
Tailoff time = + _5ms 
SAMPLE TIME (TOTAL) = 55ms x 8 = 440ms 
Linelock time | = Oms (frequency above 200Hz) 
Settling time = + 50ms | | 
(TOTAL ) 50ms x 1 = 50ms (Detector Rev.) 
Measurement time = 490ms [8(55) + 1(50)] 
Measurements averaged = x 1 
Total Measurement time = 490ms 

+ Calculation time = + 75ms 

+ Display time = + 110ms (Normal display) 

= Measurement speed =  675ms 

Example: Conditions for fastest available measurement speed -- same 

as above except: FAST mode, SETL= 2ms, I.T.= 2ms, AVG = l, 
handler interface with 8 CODE. 
Integration time | = 2ms 
Tailoff time = + 5ms 
SAMPLE TIME (TOTAL) = 7ms x 5 = 35ms 
Linelock time = O (frequency above 200Hz) 
Settling time = + 2ms 
(TOTAL) = 2ms x 1 = 2ms (Detector Rev.) 
Measurement time = 37ms [35ms + 2ms] 
Measurements averaged = x 1 
Total Measurement time = 37ms 

+ Calculation time = + 75ms 

+ Display time = + Oms (8 CODE, no display) 

= Measurement speed = 112ms = 9 measurements/second 
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2.8.1 Programming Measurement Speed 


Three pushbuttons program preset 


elements as FAST, MEDium, or SLOW. 


combinations of measurement time 


Each selection fixes a different 


combination of integration time, settling time, and number of 


measurement’ += averages. However, any preset combination can be 


overridden by programming a different integration time, settling time 
and/or number of averages. 


power 1s applied. 


MEDium speed is initially selected when 


Table 2-10. Preset Measurement Parameters 


To program FAST, MEDium, or SLOW combinations, push the blue key 
followed by the FAST, MED, or SLOW key. 


Example: Set the instrument to SLOW measurement Speed. 
Push Display Comments 


SLOW 


Sl 


H2= 1000.0 NOm= FARADS 
1000 HY CONT DIRECT 
SETL=O0QSOMS INTGR=0SONS AVE=106 
AUTO CALIB BIAS OFF 


F 


Measurement speed is 


changed from MED to 
SLOW. 


CS 


o> SLOW 
> 


NOTE: Above 10kHz, FAST mode reverts to 8 integrations. 
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2.8.2 Programming Integration Time 


Integration time (I.T.) is only a portion of the overall measurement 
time of the Model 2150/2160. It is the variable portion of sample time 
(described previously), that is based on the number of cycles of the 
test frequency. Integration time can be programmed to a maximum of 


600ms and to a minimum of 2ms. 


As a rule, minimum required integration time increases as test 
frequency decreases. Also, short integration times are less accurate 
than longer times and can cause less measurement resolution to be 
displayed. If an entered time does not allow the instrument to 
integrate on a number of complete measurement frequency cycles, it is 
automatically recalculated to the next larger integration time that 
does (see Table 2-11). This holds true when either integration time or 


test frequency is changed, or both. 


To find the permissible integration times, use the formula: 


I.T. 


# of cycles * (period / 60) 


where: # of cycles 


tl 


CEILING [programmed I.T. * (60 / period) ] 


period = FLOOR [60,000/F] for F < 10kHz or F = 12kHz, 
15kHz, 20kHz, 30kHz, 60kHz. 


period = FLOOR [300,000/F] for F > lOkHz (excluding 12kHz, 
15kHz, 20kHz, 30kHz, 60kHz). 


CEILING = a function where, if the value is a non-integer, 


round it to the next higher integer. If it is an integer, 
keep value. 


FLOOR = a function where, if the value is a non-integer, 
round result to the next lower integer. If it is an 
integer, keep value. 
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Table 2-11. 


Integration Time Chart 


FREQUENCY MINIMUM INTEGRATION TIME 
500Hz = 2ms 
400Hz = 3ms 
300HzZ = 4ms 
200HZ = 5ms 
120Hz = l16ms 
LOOHZ = 1Oms 

60Hz = 17ms 
50HzZ = 20ms 
40Hz = 25ms 
30HZ = 34ms 
20HzZ = 50ms 


TO program integration time, push the numerical keys representing the 
desired integration time in milliseconds, then push the blue key 
followed by the I.T. key. 


Example: Program integration time based on 10 cycles of the 500Hz test 


frequency. 
period = FLOOR [60,000/500] = 120 
# of cycles = CEILING [20 * 60/120] = 10 
I.T. = 10 * 120 / 60 = 20ms 
Push Display Comments 


Integration time is 


HZ= 1000.0 NOM= FARADS 
1000 HV CONT DIRECT 


LT. 
Qos 
I 0 


SETL=0050MS INTGR=020MS AVE=10 entered in milli- 
AUTO CALIB BIAS OFF 


seconds. 


G> 20 INTEGRATION-TIME 
0> 
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2.8.3 Programming Settling Time 


Settling time, as described above (Section 2.8), is the time required 
for the analog voltage representing the unknown to settle to stated 
accuracy. When instrument power is applied, the settling time is at 
50ms (MED speed). Settling times can be programmed between 2ms and 
-1500ms in lms steps. To program settling time, push the numerical keys 
that represent the settling time, in milliseconds, followed by the 
blue key and the SETL key. 


Example: Set settling time to 110 milliseconds. 


Push Display Comments 


H2= 1000.0 NDM= FARADS 
1000 KY CONT DIRECT 
SETL=O110MS INTGR=020NS AVE=10 


RUTO CALIB BIAS OFF 


ta 


O> 110 MS-SETTLING-TIME 
o> & 
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2.8.4 Programming Measurement Averaging 


Measurements made where stray fields introduce noise can result in 
fluctuating readings. 
averaging a specified number of measurements on one device-under-test. 
The noise is reduced by approximately the square root of the number of 


measurements averaged. 


time for averaging measurements is equal to: 


n x (Sample time) 


As shown in Section 2.8, 


The 2150/2160 can reduce these fluctuations by 


the total measurement 


Where: n= an integer between 1 and 20 


To program a selected number of measurements to be averaged, 


numerical keys representing the number of measurements to be 


followed by the blue key and the AVG key. 


Example: Average 10 measurements and display the results. 


Push 


AVG 
on ee SS 
1 0 


Display 


HZ= 1000.0 NOM= FARADS 
{000 AY CONT DIRECT 
SETL=OL10MNS INTGR=020NS AVE=10 
AUTO CALIB BIAS OFF 


@> 10 SAMPLES-AYERAGED 
o> § 
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Comments 


2.9 CASSETTE TAPE LOADER 


The cassette tape loader is a non-volatile, mass storage unit that 
distinguishes the Model 2160 from the 2150. It uses a certified 
digital mini-cassette recording tape for saving and reloading 
instrument measurement-parameter setups. All measurement parameters, 
binning limits, and bin counter information can be saved, then 
reprogrammed at a later time. Using a cassette tape saves the time 
required to reload test parameters and limits at the start of a 
production run or after a power interruption. For greater efficiency, 
the Auto Start feature saves even more time and minimizes errors in 
setup by automatically loading a file at power up (see Section 
2.9.5.1). 


As stated in Section 2.3.5, zero offset corrections are not stored to 
tape. However, a setup that has been calibrated may be saved to tape. 
When that file is loaded, it automatically initiates a calibration, as 


if <blue> <CAL> were pressed. 


Any cassette tape must be properly formatted for use in the 2160. 
Formatted tapes are available from ESI (P/N 55852) and can be used for 
immediate storage of data. Tapes can also be formatted by the 2160. 

Applications Software Packages are also available for use with the 
2160. The extended programming on these tapes analyzes measurement 
data and provides statistical evaluation or graphic display of 
results. The STATISTICS (P/N 55104) or ANALOG (P/N 55103) kits can be 


ordered with the Model 2160 or any time after purchase. 


CASSETTE TAPE FUNCTIONS ARE NOT SUPPORTED BY WAY OF OPTIONAL 


REMOTE DEVICES-—-GPIB OR RS-232C. DO NOT ATTEMPT TO USE REMOTE 
COMMANDS TO CONTROL MODEL 2160 CASSETTE OPERATIONS. 
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2.9.1 Cassette Tape Installation 


The mini-cassette tape is installed in the 2160's cassette tape loader 


as shown in Figure 2-18. To install: 


STEP 1. Push the front panel button labeled EJECT. The cassette tape 


loader door will Spring open. 


STEP 2. Install tape by sliding cassette downwards as shown in Figure 


2-18 (side A or B refers to whichever side is facing front). 
STEP 3. Push the door closed. 


STEP 4. The Model 2160 is ready to save or load parameter programs. 


(Tape must be properly formatted, see Section 2.9.3.) 


NOTE: Tape can be left in the tape loader when not in use. 
If Auto Start has been programmed, it will load at power up 
(see Section 2.9.5.1). 


Figure 2-18. Cassette Tape Installation 
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2.9.2 Cassette Tape Loader Maintenance 


To assure reliable data storage and playback, the recording and 
playback heads should be periodically checked and cleaned. The heads 
should be cleaned using a cotton tipped swab dipped in alcohol (see 
Figure 2-19). No other preventive maintenance or lubrication is 


required. 


Figure 2-19. Cleaning Recording/Playback Heads 
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2.9.3 Cassette Tape Formatting 


All blank tapes received from TEGAM have been formatted at the factory. 


Re-formatting a tape can be used as a method of tape erasure. However, 
it is recommended to bulk erase tapes before re-formatting due to tape 
deck variations between VideoBridges. Either a permanent magnet or AC 
field style tape eraser may be used. 


FORMATTING A TAPE DESTROYS ANY AND ALL DATA WHICH MAY HAVE 
BEEN PREVIOUSLY SAVED ON THE TAPE. 


The formatting sequence sets up 80 blocks per side of tape in which 
information can be stored. Each side must be formatted separately. The 


time required to format one side of a tape is approximately 7 minutes. 
To format a tape: 


STEP 1. Place the new tape in the cassette drive unit. 


STEP 2. Enter test code 3. The Model 2160 will echo the message: 
"MAKE TAPE - ENTER TO START." 


STEP 3. Push the <ENTER> key to start the formatting process. Tape 
activity during the formatting process is indicated by a 
blinking cursor at the righthand side of the display screen. 


The following message is displayed: "BUSY - DO NOT DISTURB." 


NOTE: If the cursor stops blinking while the tape is either 


moving slowly or is stopped, the tape is defective and 
Should be discarded. 


STEP 4. Completion of the formatting process will be indicated by the 
following message: "TAPE FORMATTED". 


If any key besides <ENTER> or <SGL> is pressed to start formatting, 


the following message will result: "FUNCTION CANCELLED." 
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2.9.4 Tape File System 
The tape structure is arranged in the following manner: 
2 sides per tape 
80 blocks per 50 foot tape side 
256 bytes per block 
6 blocks (minimum) per file entry 


13 file entries per tape side (this is a maximum number and may be 


decreased by large files) 


2.9.4.1 Tape Directory 


The Directory or Table Of Contents is a listing of all files on one 
side of the cassette tape. They are listed with the starting block to 
the left of the name. Use 12 CODE to display a Tape Directory. 


EXAMPLE: 


Push Display Comments 


CODE 


om a SS 
| l 


Table of Contents in- 


TABLE OF CONTENTS AVAIL. =68 
BLK NAME BLK NAME 
1 tes 7 100NAND 
12 


cludes block number 
information and re- 
maining space avail- 
able (in blocks). 


o> 12 CODE 
O> 
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2.9.5 Saving Parameters 


To save instrument parameters onto the cassette tape: 


J SAVE 
PUSH el Ctilename> 


Where <filename> can be up to 10 characters long in any combination of 


letters, symbols, signs, numerals, or punctuation. 
NOTE: A space cannot be used in naming a file. 


Alphanumeric entries can be entered with the Keyboard Overlay in 
conjunction with 20 CODE. (Refer to Section 2.1.1.2 in this Manual for 
additional details on the Keyboard Overlay.) 


Example: Using the component sorting example in Section 2.7.5 of this 
manual, set up all test parameters and binning limits. Save this 


parameter program under the identification number 123. 


Push Display Comments 


v - ; 
— e 
Leal wal lal —l HZ= 1000.0 NOM=100.000N FARADS Completion of the 


1000 MY SINGLE DIRECT 
SAVE SETL=00SOMS INTGR=050MS AYE=01 SAVE operation 1s 


SS ee ai: ane Signaled by "FILE 
SAVED" printed on 
the CRT. The tape 
directory will be 


displayed to verify 


SAVING 
the SAVE operation. 
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EXAMPLE 2: Using the same setup as in the above example, use the 


Keyboard Overlay and save the file under the 


Push 


CODE 
Qos 
0 


Push 
bt al 
td ot 


SAVE 


Sl 


Display 


HZ2= 1000.0 NOM=100.000N FARADS 
1000 KY SINGLE DIRECT 
SETLSOQSOMS INTGR=OSOMS AVE=61 
AUTO ALPHA BIAS OFF 


INSTALL ALPHA OVERLAY 
G> 


Display 


HZ2= 1000.0 NOM=100.000N FARADS 
1000 HY SINGLE DIRECT 
SETL=O00SOMS INTGR=O50NS AVE=01 
AUTO ALPHA BIAS OFF 
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filename of "1OONANO". 


Comments 


Place the keyboard 
overlay alternate 


function side up. 


Comments 


Completion of the 
SAVE operation is 
Signaled by [FILE 
SAVED] printed on 
the CRT. 


Push Display 


TABLE OF CONTENTS AVAIL. =68 
BLK NAME BLK NAME 


i 123 7? 1OONAND 
le 


O> 12 CODE 
o> 


Push Display 


CODE 
NOON 
- 2 0 


1000 MY SINGLE DIRECT 


SETL=O00SOMS INTGR=O0S0NS AVE=01 


AauTOo BIAS OFF 


REMDVYE OVERLAY 
0> 
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HZ= 1000.0 NOM=100.000N FARADS 


Comments 


Examine the 


directory. 


Comments 


Return to normal key- 
board. Place the key- 
board overlay with 
the original 


functions side up. 


2.9.5.1 Autostart 


To have a file automatically loaded when power is applied to the 
instrument, name the file <'......> when saving it. Whenever power is 
applied, the instrument will immediately search for this filename and 


upon finding it will load it automatically. 


NOTE: This file name must have exactly six decimal points to 
function properly. 


Example: Using the component sorting example in Section 2.7.5 of this 
Manual, set up all test parameters and binning limits. Save this 


parameter program under the Autostart file name. 


Push Display Comments 


Completion of the 


HZ= 1000.0 MOM=100.000N FARADS 
1000 AY SINGLE DIRECT 
SETL=0050NS INTGR=CSOMS AVYE=01 
AUTO BIAS OFF 


Se 
a SAVE operation is 
CL) CL SS SIGNALED by [FILE 
; | ) SAVED] printed on 


the CRT. When power 


is applied to the 
instrument, this 
file will LOAD 


SAVING------ 
o> i 


automatically. 


2.9.5.2 Save Range Hold 


To save RANGE HOLD information, automatic Range Hold must be set as 
part of the SAVE-FILE command. Any attempt to save a file while in 
Range Hold will result in the following error message appearing on the 
screen: USE 5 CODE TO SAVE IN HOLD. 
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EXAMPLE: 
Push 
QOOOsew 
1 0 0 
CODE 
mS 
5 


NOTE: 


Display 


HZ= 1000.0 NOM=100.000N FARADS 
1000 RY SINGLE DIRECT 
SETL=O005SOMS INTGR=O0S5SO0MS AVE=01 
AUTO BIAS OFF 


0> 100 NANO 5 CODE 
o> § 


has been saved to tape. 


Push 


sot dd 1 


SAVE 
Slo 


Display 


HZ= 1000.0 NOM=100.000N FARADS 
1000 RY SINGLE DIRECT 


SETL=O00SOMNS INTGR=OS0MS AVE=01 
AUTO BIAS OFF 


SAVING 
6> 


2- 109 
2150/2160 


Comments 


Automatic range hold 


is set for 100nF. 


When using 5 CODE, do not take a measurement before it 


Comments 


File 123 is saved 
with the automatic 
range hold parameter 


set for l100nF. 


After file 123 is re- 
loaded, and a part is 
measured that is 
within +/-20% of the 
100nF nominal, the 
instrument will go 
into the HOLD mode. 


24.04 368 Keyboard Lock 


The special Keyboard LOCK command, 9 CODE, can now be saved as part of 
a file with 18 CODE. This provision prevents any parameters from 


being inadvertently changed after the program is loaded. 


EXAMPLE: 


Push Display Comments 


? 
SS oe ee ee HZ= 1000.0 NOM=100,000N FARADS Set up instrument 


1900 KY SINGLE DIRECT 
SETL=00SOMS INTGR=050MS AVE=01 parameters to be 


CODE 
SS AUTO LOCK BIAS OFF 
oe ee ee SS 


ENTER saved under filename 


L2Zss File 123 will 
set LOCK command when 
LOADed. 


o> '123 18 CDDE 


NOTE: When in this mode, the keyboard is locked except for the 
SGL key. 


NOTE: To unlock the keyboard, push <-> <9> <blue> <CODE>. 


2.9.6 Loading Parameter Programs 


Programs saved on the cassette tape can be retrieved at any time. To 
load the Model 2160 with a prestored program, push <blue> <'> 
<filename> <blue> <LOAD>. <filename> can be any combination of 


numerals (via VideoBridge Keyboard) or letters (via Keyboard Overlay). 


(Refer to Section 2.1.1.2 in this Manual for more information on the 


Keyboard Overlay.) 
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EXAMPLE: 


Push 


a4 Aa 


LOAD 


Slam 


Display 


HZ= 1000.0 NOM=100.000N FARADS 
1000 MY SINGLE DIRECT 
SETL=O00SOMNS INTGR=O0SO0MS AVE=01 
AUTO BIAS OFF 


0> °123 LOAD-FILE 
LOADING---- 


HZ= 1000.0 NOM=100.000N FARADS 
1000 MY SINGLE DIRECT 
SETL=O00SOMS INTGR=050MS AVE=01 
AUTO LOCK BIAS OFF 


LOADING LOADED 


EXAMPLE: (ALPHANUMERICS) 


Push 


CODE 


aa 


CODE 


re 


Display 


HZ= 1000.0 NOM=100.000N FARADS 
1000 HV SINGLE DIRECT 
SETL=OOSOMS INTGR=0SONS AVE=01 
AUTA ALPHA BIAS OFF 


INSTALL ALPHA OVERLAY 
G> 
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Comments 


Load previously 
saved program. 
Completion of the 
loading operation 
is signaled by 
[LOADED] printed on 
the CRT (See next 


picture). 


Program 123 is 

loaded with keyboard 
LOCKed since it was 
previously saved with 
the LOCK command, 18 
CODE. (See Section 

a Po ae 


Comments 


Unlock the keyboard, 
enable Alpha Overlay. 
Place the keyboard 
overlay alternate 


function side up. 


Push Display 


CODE 


Qs 
| 


TABLE OF CONTENTS AVAIL. =62 
BLK NAME 
7 L100NANOD 


te CODE 
o> 


HZ= 1000.0 NOM=100.000N FARADS 
1000 KY SINGLE DIRECT 
SETL=00SOMS INTGR=05S0NS AVE=01 
AUTD ALPHA BIAS OFF 


sands 
Aa 


LOAD 


SO 


LOADING----- LOADED 
o> 
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Comments 


Examine the 
directory, choosing 
file "lLOONANO" 


for loading. 


Load the file. 
Completion of the 
reloading operation 
is signaled by 
[LOADED] printed on 
the CRT. 


2.9.6.1 Load Applications Programs 


Tegam offers special applications software kits (e.g. STATISTICS, P/N 
55104; ANALOG, P/N 55103) for testing applications such as statistics 
evaluation and graphics display capabilities. Application software 
source code is the original program code inscribed on the tape at the 
factory. These tapes are loaded by entering 13 CODE as described in 
the following example. Object code tapes are copies made by saving the 
source code onto blank, formatted cassettes. After an object code tape 
is made, it is loaded into the VideoBridge by using the LOAD key. DO 
NOT USE 13 CODE TO LOAD OBJECT CODE TAPES. 


DO NOT ATTEMPT TO LOAD OBJECT CODE TAPES USING 13 CODE. THE 
INSTRUMENT WILL BECOME "HUNG UP" AND MUST HAVE POWER SHUT OFF 
TO RESET. THIS CAN CAUSE LOSS OF DATA. 


EXAMPLE: Insert the special Applications Software tape for statistics, 
then do the following: 


Push Display Comments 


CODE 
om Jo J SS 
0 


S6L 2 


HZ= 1000.0 NOM=100.00N FARRADS 
S00. MY SINGLE DIRECT 
SETL#OO0SONS INTGR#OSOMS AVE=O1 
AUTD CALIB ALPHA BIAS OFF 


Enter single test 


mode. Place the 


keyboard overlay 
alternate function 


Side up. 


INSTALL ALPHA DVERLAY 
o> 


2- 113 
2150/2160 


Push Display Comments 


CODE 
ed md ESS Ld) Examine the 
: TABLE OF CONTENTS AVAIL. =22 


BLK NAME BLK NAME 
ee Ae =A directory. 


’ 
SS TABLE OF CONTENTS AVAIL. =1 Load the STAT 


BLK NAME BLK NAME 
s 1 STAT 78 Application 
SS ee ee 
I A T 
CODE 
on ee ee SS 
3 


ENTER 1 


Program. Tape 
activity is indicated 
by a blinking cursor 


along with the file- 


STAT COPYRIGHT 1984 ES] 
STAT LOADING-- name displayed on the 


O> "STAT 13 CODE 
Chis 


Completion of the 
LOADING operation is 
Signaled by the word 
[LOADED] printed on 
the CRT. 


NOTE: For more information on the use of = special 
Applications Software, consult the document provided with the 
particular Application Software package. 
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2.9.6.2 File Deletion 


Delete a file with 14 CODE. 


EXAMPLE: 
Push Display Comments 
CODE . i 
SS " TABLE OF CONTENTS AVAIL. =62 xamine e 
? 7 100NANO Directory, and 


select file 123 


for deletion. 


O> 12 CODE 
o> 


TABLE OF CONTENTS AVAIL. =62 The CRT displays 


BLK NAME BLK NAME 
? 100NARND 13 weve 
18 


43a 
NOoOso 


ENTER 1 4 


the new Directory 
after the DELETE 


operation. 


O0> °123 14 CODE 
0> 
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2.9.6.3 File Loaded 


Display the name of the file loaded from tape with 19 CODE. 


EXAMPLE: 
Push Display Comments 
CODE ee 
SS “TABLE OF CONTENTS AVAIL. =62 isplay prints 
9 7 100NAND [FILE=filename] 


1g 
on the CRT, where 


filename is the 
name of the last 
file loaded. 


FILE = 100NAND 
0> 


(Refer to Section 2.1.1.1 for additional information on the above test 


codes.) 
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2.9.7 Program Write-Protect 


Important parameter programs can be protected from accidental erasure 
with the cassette write-protect feature, of which there are two types. 
One type features a swivel plug located at the top of each side of the 
cassette module (Figure 2-20). To protect recorded programs on Side A 
(which faces the operator upon insertion) from being overwritten, 
pivot the plug on Side B 1/2 turn clockwise to uncover the rectangular 
hole beneath it. Similarly, to protect Side B, pivot the plug on Side 
A. With the plug in this position, no additional data can be written 
over the existing programs on the opposite side of the tape with 
respect to the plug. To restore the tape to its unprotected state, 


Simply pivot the plug counterclockwise back to its original position. 


Cassettes with the other type of write-protect feature have a 
cross-Shaped plug located on the top of each side of the module 
(Figure 2-20). To protect these cassettes from being overwritten, 
push out the cross-shaped plug. With the plug on Side B removed, no 
additional data can be written over the existing programs on side A. 
To protect Side B, push out the plug on Side A. Cassettes with the 
write-protect plug removed can be reprogrammed by placing a piece of 


cellophane tape over the write-protect hole. 


SWIVEL PLUG PUSH-OUT PLUG 


Figure 2-20. Swivel and Push-Out Write-Protect Features 
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Attempting to save data to a tape that has been write-protected will 
result in the error message: "WRITE PROTECTED". 


2.9.8 Cassette Care 

Careful handling procedures will extend the useful life of the 
mini-cassette tapes used with this instrument. Read the following 
precautions to extend the life of cassette tapes. 


. Avoid direct sunlight, high temperatures, and moisture. 


. Avoid touching the tape surface. This prevents transfer of any 


dirt from your fingers to recording and playback heads. 


. Prevent tape breakage and stretching by removing any slack in 


the tape before putting the cassette into the recorder. 


. Observe tape loader maintenance as described in section 2.9.2 of 


this manual. This will help keep tape surface clean. 


_ Do not store cassette tapes on or near magnetic fields or 


devices. Strong magnetic fields may destroy stored programs. 
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2.10 CAPACITANCE MEASUREMENTS WITH EXTERNAL DC BIAS (Codes 1 and -1) 


A DC bias of up to +50V can be applied to the rear panel bias 
terminals (observe polarity). The Bias Voltage is not applied to the 
unknown until test code l is entered. Measurements with bias are 
available for capacitance only. Bias supply must have low ripple with 
internal current limit of 100mA and its output impedance must be less 
than 50m. Leakage current through the unknown can be measured by 
Sampling the current from the bias source to the bias terminals with a 
low impedance ammeter. If the bias source impedance is not low 
compared to the unknown, a bypass capacitor whose impedance is 1/5 of 


the range resistor at the operating frequency can be connected across 


ELECTRICAL SHOCK HAZARD EXISTS WHEN A BIAS SUPPLY IS 
CONNECTED TO THIS INSTRUMENT. WHEN AN EXTERNAL BIAS SUPPLY 
IS ATTACHED, THE BIAS VOLTAGE IS PRESENT ON THE REAR PANEL 
BNC CONNECTORS. USE ONLY BIAS VOLTAGES UP TO S5SOVDC AND BIAS 
SUPPLIES CURRENT LIMITED AT 100mA. DO NOT TOUCH, CONNECT, OR 
DISCONNECT THE UNKNOWN COMPONENT OR BNC CABLES WHILE A BIAS 
VOLTAGE IS APPLIED. 


the bias terminal posts. 


A DC bias capability of +200V is available by ordering an SP5240 
option. The SP5240 is identical to the 2150 and 2160 except for the 


extended bias capability. See Section A.4 for more information. 

Use the following procedure when measuring DC-biased capacitors. 

STEP 1. Loosen the black terminal caps and remove the shorting strap 
by pulling it up and pivoting it outward. The strap may be 
held in place by tightening the terminal caps. 


STEP 2. Install bypass capacitor if needed (observe polarity). 


STEP 3. Connect the external biasing supply to the instrument's rear 


panel bias terminals (observe polarity). 
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STEP 4. Turn bias supply on and set to the proper bias setting. 


STEP 5. Connect the unknown capacitor to the test leads. Observe 
proper polarity connection when testing electrolytic 


capacitors. 


CODE 
STEP 6. Turn the bias voltage on. PUSH a ESS 
1 


STEP 7. Make the measurement. 


CODE 


STEP 8. ‘Turn the bias voltage off. PUSH LL} Ld S39 
_ | 


STEP 9. Wait five seconds and remove the measured capacitor from the 


test leads. 


STEP 10. Repeat steps 5 through 9 for each component to be measured. 


FREQ. 50-60Hz 
145VA (MAX) 


| FUSE 3AG 
(250V) 

Siow Blow 

Stow Blow 


<+ 50 : a) 


Figure 2-21. Capacitance Measurements with Bias 


50) Yj ; @ att 


NOTE: When 1 CODE is entered, the instrument automatically 
uses 100ms settling time. After turning bias OFF by -l CODE, 
settling time returns to the previously set amount. 
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2-11 ERROR MESSAGES 


If an improper operation is attempted, the 2150/2160 responds by 
displaying an error message. Error messages are displayed at the 
bottom of the CRT screen (except CAL ?, ERROR ANALOG, ERROR CALC). All 
parameters entered prior to the improper operation remain unchanged. 
Following is a list of error messages that may appear during the 
programming and operation of this instrument. Included with each error 


message is a short explanation of probable causes for the message. 


NOTE: While in continuous meaSurement mode, temporary error 
conditions may occur if the device-under-test is connected 
during part of the measurement sequence. As a result, an 
error message may be momentarily displayed. This is normal 
and does not indicate instrument malfunction. 


Programming and Operating Related Errors 


ERROR ANALOG 


This indicates that the input to the analog circuitry has been 
overloaded. The measurement 1s discarded, the part is binned as a D 
reject and the display reads "ERROR ANALOG" in large characters. Check 
for an overrange part if on range "HOLD". Reset to "AUTO" range and 


make another measurement. 


ERROR Calc. 


This indicates that the floating point capabilities of the micro- 
processor have been overloaded (e.g. the present data has overflowed 
its range or a divide-by-zero operation has been encountered). The 
measurement is discarded, the part is binned as a D reject, and the 
display reads "ERROR CALC". Re-check all measurement settings (such as 


an underrange value if on range "HOLD") and make another measurement. 


a= Jel 
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OVERLOAD !--SUPPLYING XX MV for low impedance devices 


OR 


OVERLOAD !--SUPPLYING XX MA for high impedance devices 


where xx = the actual value of test signal level supplied by the 
VideoBridge. 


If the impedance of the component being measured is too high for the 
current range or too low for the voltage range to supply the level 
specified on the screen, the appropriate message will appear on the 


bottom line of the display. 


In a voltage overload condition, the instrument will supply the 


voltage available at a maximum current of 100mA. 


In a current overload condition, the instrument will Supply the 
current available at a maximum voltage of 1500mvV. 


The error message will show what current or voltage is being supplied 
to the component (see Section 2.5.2). The measurements taken are still 


valid, though only at the test signal level indicated by the message. 


If the word "ERROR" was displayed after calibrating any range, this 


message will be displayed in the bottom line of the parameter field 
after calibration. This indicates that all ranges indicated as "OK" 
have their zero offsets stored, but one or more rangeS were not 
calibrated properly. The message will also be displayed when that 
particular frequency/test level combination is recalled. No message 
will be displayed if all ranges failed calibration, and no calibration 
offsets are applied. To correct this condition, the zero calibration 


procedure must be performed again (see Section eae eo ae 
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OUT OF RANGE 


This message will be displayed when a measurement taken in RANGE HOLD 
is more than 100 times smaller or larger than the present range 
resistor. To correct this condition, re-enter AUTO RANGE. There will 
be no message if the VideoBridge is holding the highest range with 


very high unknowns or the lowest range with very low unknowns. 


WRONG # OF ARGUMENTS 


Any of the commands (mostly upper function key strokes) which take 
numerical arguments will display this message if insufficient numbers 
precede the word. For instance, programming <blue> Bin# will give a 
"Wrong # of Arguments" message because it requires the number of the 


bin being programmed and the limits for that bin. Start again. 


PARAMETER STACK EMPTY 


The VideoBridge recognizes the argument number as valid but it is 


improperly formatted or inappropriate to the command. 


UNDEFINED 


Occasionally a combination of keys will be pressed which result in the 
construction of a word which the instrument does not recognize. 
Pushing a number key, then a key which does not use a number ahead of 
it will result in something like "ldirect". The instrument will not 


recognize "ldirect" and the undefined message appears. Start again. 
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BIN 11 IN USE 


Non-zero limits have been set for Bin 11. Analog Busy (EOC) function 


cannot be activated until Bin 11 limits are set to zero. 


ANALOG-BUSY ACTIVE 


Test code 16 has been entered. Bin 11 limits cannot be changed until 


-16 CODE is programmed. 


FUNCTION CANCELLED 


Another key besides <SGL> or <ENTER> was pressed while attempting to 


activate tape formatting or zero calibration. 


SET NOMINAL VALUE 


This message will result if an attempt is made to enter -8 CODE, 8 
CODE, 21 CODE, % SORT mode, or DEViation mode without entering a 


nominal value. 


DEV. ON Q/D NOT ALLOWED 


The VideoBridge does not support a deviation calculation on minor 
functions Q and D. This message occurs if DEV is pressed with Q or D 


as the top display function. 
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Cassette Tape Related Errors (Model 2160 Only) 


BAD TAPE - DISCARD 
This error message says that the tape was not able to be formatted 


(3 CODE). 


BAD READ 


The tape file was not read properly during a LOAD operation from the 


tape. Re-enter file name and press <blue> <LOAD> again. 


BAD WRITE 


A problem was encountered while attempting a SAVE operation to the 


tape. Re-enter file name and press <blue> <SAVE> again. 
NO TAPE IN PLACE 


This message will appear when there is no cassette tape in the drive 
unit or when the LOAD or SAVE buttons are pushed on instruments with- 


out cassette capability. 


WRITE PROTECTED 


This message comes onto the screen if a SAVE or format command is 
tried on a cassette tape with its write protect opening uncovered (See 
Section 2.9.7). 


TAPE JAMMED 


When the cassette tape will not move forward or backward, this message 


appears on the screen. Remove the tape, re-insert, and try again. 
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USE 5 CODE TO SAVE IN HOLD 


This message will result if an attempt is made to save a file while 


using manual range hold. Use the automatic range hold function 
described in Section 2.9.5.2 in this manual. 


FILE DOES NOT EXIST 


This message comes onto the screen if the VideoBridge has been 


directed to LOAD a file whose name is not listed in the directory. 
2.11.1 Remote Output Error Codes 
The following error codes are returned on remote output devices, such 


as GPIB and RS-232C Interface. See Section A.2 for more information on 


these VideoBridge options. 


O No Error 1 Can't Supply 
2 Analog Error 3 Analog Error--Can't Supply 
4 Calculation Error 5 Calculation Error--Can't Supply 


NOTE: "Can't Supply" indicates inability to supply test 
signal current or voltage--whichever the VideoBridge has been 
programmed for. 


"Analog Error" indicates the same fault condition as 
the "ERROR ANALOG" message on the CRT. 


"Calculation Error" indicates the same fault condition 
as the "ERROR CALC" message on the CRT. 
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SECTION 3 
CIRCUIT DESCRIPTIONS 


3.1 INTRODUCTION 


This section discusses the four major circuits that make up the Model 
2150/2160. These four circuits are: measurement, motherboard, CRT, 
and power supply. Fach of the discussions that follow, start by 
presenting a block diagram, then continue with a discussion of the 


operation of the major blocks within each diagram. 


3.2 MEASUREMENT OVERVIEW 
KEYBOARD 
‘SELECT 

7.68 MHz 3.84MH BP L,R,C,D,Z, 

CRYSTAL it a : CONTROL/ sic. DISPLAY 

CLOCK CALCULATE 

SINE 
GENERATOR 


LEVEL 
REGULATOR 


Nee oe 


FILTER- 
POWER AMP 


PHASE SYNC 


PHASE 
CONTROL 


E 


A 
CONVERTER 


Vivi 


ae 

an SPOILING 

boON. RESISTORS 

' \ 

| o° | 180° 

90° | 270° 

1 

t 

VARIABLE PHASE DETECTOR 
NKNOWN DIFFERENTIAL SINIE 
| 

\ 


en ? 
- e 


STANDARD 
A RESISTORS 


Figure 3-1. Block Diagram 
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The microcomputer control/calculate block is the command center for 
all instrument operations. It accepts input from the keyboard and 
coordinates all phases of a measurement sequence. It also performs 
all calculations required to arrive at the desired measured 


quantities and displays them. 


Model 2150/2160 operation essentially starts with the 7.68MHz clock. 
This clock is divided by 2 to obtain the 3.8MHz processor clock and 


divided by N (1-3000) to develop the sinewave measurement signal. 


The sinewave generator is frequency programmable (20Hz to 150kHz). 
It produces a digitally-stairstepped, sinewave output that is band 
limited by the filter block, then passed through the programmable 
level regulator. The result is a sinewave signal of specified 
frequency within a specified voltage range, in the mV mode, or 
current range, in the mA mode. This sinewave is applied to the 


unknown component being measured, and the standard (range) resistor. 


A differential amplifier sequentially measures the voltages across 
the unknown component and the standard resistor. These voltages are 
passed through the variable gain amplifier to the phase rectifier. 
The phase sensitive voltmeter (phase rectifier) compares the vector 
relationships of the measured signals to determine which portions are 
in phase and which are in quadrature. The phase rectifier outputs 


the following four DC voltages: 


Vo lad unknown 

49 oF Vunknown 90 

v5 am V standard 0 

V3 or V standard °° 
3 - 2 
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These voltages are serially processed by the A/D converter with 
resistance (R) and reactance (X), or conductance (G) and susceptance 
(B), as computed by the Z80O CPU. 


HIGH IMPEDANCE LOW IMPEDANCE 
Vo Vo + V1 V3 1 ; Vo Vo + V1 V3 : 
known e known — x standard 
unNKNOow (V) re (V 2 Rieadaed uUNKNOW (V 2 x Vv 2 stanaar 
] 2 3 
; MO a 2 Ya YMG 3 
unknown — 5 = unknown — ? 2 * ‘standard 
(Vo) + (V1) Standard (V9) + (V3) 


All other impedance parameters are computed using the results of 
these measurements, the test frequency, and the formulas in Figure 
3-2. 


The calculated measurement information is displayed on the CRT 


screen. 


3 - 3 
2150/2160 


SHORT CIRCUIT CORRECTION OPEN CIRCUIT CORRECTION 
(RANGE 0) (RANGE 1—> 4) 
R, = (R,)m = (Rg)o Gp = (Gp)m e (Gp)o 


Xs = (Xs)m - (Xs)o Bp = (Bp)m - (Bp)o 


"On (Gor + By’) 


-] 
27 {Bp 


_ Gp? + Bpé 


~ 2a F(Re2 + Xs2) 
~X¢ 
Re + XQ2 


eee ae 
- Ro? + X,¢ 


= ./R.2 + Xe¢ 
] 


R = Resistance p = Parallel measurement L = Inductance 
s = Series measurement X = Reactance f = Frequency 
m = Measured value B = Susceptance C = Capacitance 
Q = Zero correction value D = Dissipation factor Z = Impedance 
G = Conductance Q = Quality factor Y = Admittance 


Figure 3-2. Model 2150/2160 Impedance Formulas 


See 
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3.3 MEASUREMENT CIRCUITRY 


The electronics involved with the actual measuring of a component is 


contained on two circuit cards. The Digital circuit card performs 
two basic functions: sinewave generation, and analog-to-digital 
conversion. The Analog circuit card holds all other measurement 


circuitry, 16@s level regulator, standard (range) resistors, 


amplifiers, phase rectifier, etc., needed to make a measurement. 
3.3.1 Digital Circuit Card (P/N 53522) 


3.3.1.1 Sine Generator 


ROM REF 


512x8 
ead Ne aes) 10V P-P 
| Peace ea 
aie! oe AMP NZ 
MASTER To 
CLOCK COUNTER COUNTER -—p gs! DAC > © Level 
7 .68MHz oN ae ae Regulator 
ae Me eee yom 
ae aes 
\ een pe 
N PRESET SYNC —_-0°/180° FREQUENCY 
RESET | GENERATOR MULTIPLIER 
REVERSAL x1/x5 
x] xd 
FREQUENCY = S0,000H2_ FREQUENCY = 200, 000H2 
N1 = 1—* 3000 N2 = 2—>30 
Ni= 1 F = 60,000Hz N2= 2. F = 150,000Hz 
Ni = 3 F = 20,000Hz N2= 30 F = 10,000Hz 
Ni = 3000F = 20Hz 
7.68MHz | 7 .68MHz a 
128 (Steps inone Bey pene 128 (Steps in five i aa 
complete sinewave) complete sinewaves) 


Figure 3-3. Sine Generator Block Diagram 


3 = 5 
2150/2160 


Measurement begins when a sinewave signal at a specified frequency is 
applied to the unknown component. The origin of this sinewave signal 
is the sine generator (Figure 3-3) which consists of a preset counter 
chain, a second counter, a 512 x 8 bit preprogrammed ROM, a 
Gigital-to-analog converter (DAC), and a current-to-voltage buffer 
amplifier. The preset counter chain (U22, U24, U25) is a set of 
three chips configured to perform a divide-by-N function. It divides 
the 7.68MHz master clock into one of the 3023 frequencies that are 
presettable by the microcomputer. The new frequency, actually a 
Squarewave signal, goes into a second counter chain made of U16 and 
U19. The second counter 1s connected to U17, a read only memory 
(ROM), in such a way that as the counter's output lines toggle, they 
ripple through all the addresses on the ROM. For each address the 


ROM outputs 8 bits of information which are fed to the D/A converter. 


Twelve complete Sinewave Signals are stored in the 74S472 ROM in two 
separate locations of 256 address locations each. These locations are 
referred to as the X5 block (ten sinewave signals) and the Xl block 


(two sinewave Signals, see Figure 3-3). 


For test frequencies above 1OkHz which divide 60,000 evenly, and for 
all frequencies at or below 10kHz, the Xl memory block reserves 128 
address locations for the 0° sinewave and 128 locations for the 180° 


Sinewave. Each address location contains 8 bits of information. 


NOTE: 7/7.68MHz divided by 128 sinewave steps equals the 60kHz 
base frequency used to determine these test frequencies. 


coe = Test Frequency 


Where: N = 1 to 3000 


For all test frequencies above 10kHzZ which do not divide 60,000 
evenly, the X5 memory block provides an average of 128/5 or 25.6 
steps for five O° sinewaves and an average of 25.6 steps for five 
180° sinewaves. This enables the ROM to store five times as many 


cycles (though each with fewer steps) as the Xl location. 
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NOTE: 7.68MHz divided by 25.6 sinewave steps equals the 
300kHz base frequency used to determine these test 
frequencies. 


30ecie = Test Frequency 


Where: N = 2 to 29 (except 5, 10, 15, 20, 25) 
For a complete listing of test frequencies, see Section 2.5.1. 


Notice in Figure 3-3 that the counter and the ROM each have an input 
line coming from outside the sine generator electronics. The 0°/180° 
line to the ROM, under microcomputer control, selects the polarity of 
the ROM's output sinewave, O° or 180°. This is the generator reversal 
routine where the sinewave polarity is reversed for a second series of 
measurements. The two series of measurements, made with opposite po- 
larities, are algebraically subtracted to cancel offset voltages and 


synchronized line related pick-up. 


At frequencies below 200Hz, the sync reset line to the counter is used 
to synchronize the 2150/2160 sinewave to the power line. The 2150/2160 
detects power line zero crossings and starts its sinewave at these 
exact points. This is accomplished by resetting the counter at the 
first power line zero crossing after a completed meaSurement cycle. 
Test signal/power line synchronization maximizes rejection of line 


related electromagnetic interference (EMI) in the measurement circuit. 


At frequencies above 200Hz, the EMI level decreases so that line 
synchronization is not necessary. Neither linelock time nor the 
additional settling time provided by generator reversal is required. 
Ul2 provides a detector reversal technique which also cancels op amp 
offsets, but settling time only occurs once at the beginning of the 
measurement sequence. This results in faster measurement speeds above 
200Hz. 
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The digital-to-analog converter (DAC) 
duces the actual waveform. 
transform the DAC's current output into a voltage waveform. 


wave output from the sine generator 


symmetrical around zero. 


Sede ded 


Analog-to-Digital Converter 


+5V REF 


H! COMP 
LO COMP 


ZERO COMP 


hie : INTEGRATOR COMPARATORS 


SIMPLIFIED AID CONVERTER 


UNKNOWN INTEGRATION 


COARSE COUNTS 


COUNTS 
TOTAL COUNT = 1024 = COARSE COUNTS + FINE COUNTS 


INTEGRATOR WAVEFORM 


Figure 3-4. A/D Converter Simplified Diagram 
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is the analog device that pro- 
It works with operational amplifier U14 to 
The sine- 


is 10V peak-to-peak and is 


The analog-to-digital converter is called a "charge balancing" A/D 
converter (see Figure 3-4). Moving from left to right on the diagram, 
the offset amplifier, two sections of quad-amplifier U3, offsets the 
DC input voltages, from the phase rectifier, so they always remain one 
polarity. Solid state switch, Ul, selects inputs, i.e. unknown sig- 
nal, standard signal, coarse reference, fine reference, or zero, to 
the third section of U3, the integrator. Three comparator sections of 
U5, and logic U7, U8, U6, and Ul] (see schematic diagram in Section 5 
of this manual), synchronize the turning ON and OFF of coarse and fine 
counters with the switching of coarse and fine reference inputs to the 
integrator. Counter timer, U29, has 3 channels: two channels are 
counters, one for coarse counts, and one for fine counts during A/D 
conversion, and the third channel sets up, through the bus system, the 
number of multiples of test frequency over which the integrator will 
integrate. The 2150/2160 is locked into exact multiples of the test 
cycle or test frequency because it is the test frequency that deter- 
mines the actual integration time. The Digital assembly also contains 
Support logic for the A/D converter. The support logic interfaces the 
A/D converter's output to the microcomputer, and performs level 
shifting for the drive signals to the input (reference) switches on 
the integrator. The easiest way to step through the A/D conversion 
sequence is to follow the integrator waveform (in Figure 3-4). The 
circled letters on the waveform correspond to the input (reference) 


Switches in the simplified diagram. 
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The integrator waveform starts from the OV level. When switch A is 
turned ON, the integrator starts ramping toward the +5V level. 
(Switch A allows the unknown signal, a DC voltage from the phase 
rectifier, to pass to the integrator.) Upon reaching the +5V level a 
comparator, called "HI COMP", causes the logic to turn switch B, the 
coarse reference, ON. With both switches ON, the integrator ramps 
back down toward zero. It ramps down to approximately +0.12V where 
the "LO COMP" comparator trips turning the B switch OFF. With the A 
switch ON by itself again, the integrator ramps back up toward +5V. 
Switch B comes back ON at the +5V level, and the integrator ramps down 
toward zero. The object of this switching technique is to keep the 
integrator in bounds, between +5V and +0.12V, for the Guration of the 
unknown integration. This allows longer integration times without the 
integrator going out of range and provides a wide choice of 
integration times and also provides shorter total integration time due 


to the overlap of the reference signal with the unknown integration. 


At the end of the unknown integration, switch A is turned OFF. (It 
remained ON during the unknown’ integration.) Now, Since’ the 
integrator is still above the OV level, switch B is turned ON driving 
the integrator to the 0.12V level, then is turned OFF and switch C is 
turned ON. Switch C is called "fine" reference. The fine reference 


brings the integrator back to OV. 


The relationship between coarse and fine reference levels lies in the 
fact that they each have an associated counter. Each time the B 
switch is turned ON, a counter is being gated to keep track, by 
accumulating counts, of how long switch B was on. (In Figure 3-4, the 
waveform has four bursts of coarse counts, three of which are roughly 
the same level, the fourth is a finish off of the coarse counts.) The 
fine counter also accumulates counts when switch C is turned ON. The 
relationship, for counts, is one coarse count equals 1,024 fine 


counts. 


Where does this 1,024 count relationship come from? 
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Looking carefully at the coarse and fine reference levels, you find 
that the coarse and fine differ by a factor of 128, not by 1,024. The 
clocks associated with the coarse counter and the fine counter are not 
the same, one clock is 120kHz, that is the coarse count clock, and the 
fine clock is 8 times that or 960kHz. As a result there is a 


factor-of-8 difference, and 8 times 128 equals 1,024. 


The total of all coarse and fine counts constitutes a measured value. 


° 


Accumulated counts for each of the four measured values (V ! 


90°, V O°, V 


unknown 


90°) are sent to the micro- 


Vunknown standard standard 


computer. 


3.3.2 Analog Circuit Card (P/N 53675) 


3.3.2.1 Signal to the Unknown 
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Figure 3-5. Level Set, Filter, and Power Amplifier Block Diagram 
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As the sinewave from the sine generator comes onto the Analog circuit 
card, it goes through a level-setting DAC. The level-set DAC is a 
twelve-bit converter under microcomputer control. It can reduce the 
test signal to any one of 4096 predetermined test levels. This 
level-set DAC, U22, is ganged with U17, the variable gain DAC. Then, 
as the test signal level is reduced, the measured signal can be 


amplified by the same amount for further processing. 


The level-set DAC outputs a stairstepped sinewave that must be 
filtered before it can be used. The Analog assembly has five filters 
that can be selected for this job. Filter selection is dependent on 


the test signal frequency: 


C60 and C61 are selected at frequencies below 200Hz, 
C50 and C51 between 200Hz and 2kHz, 

C52 and C53 between 2kHz and 20kHz, 

C54 and C55 between 20kHz and 42.8kHz, 

C37 and C38 between 42.8kHz and 150kHz. 


The filtered sinewave is sent to the power amplifier. 


The power amplifier consists principally of op amp U19 and transistor 
array Q2. The output of Q2 supplies enough current through the HI 
DRIVE port to the unknown so a measurement can be made. The power 
amplifier also supplies a signal to the isolation transformer and the 


high side of the standard (range) resistors. 
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SeSe2s2 Range Switching 
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Figure 3-6. Range Switching Block Diagram 


Figure 3-6 illustrates the range switching used in the 2150/2160. The 
diagram shows the standard resistor combinations used to configure any 
of the resistance ranges, O through 4. Due to higher current present 
at the low impedance ranges (0 and 1), relays K5 and K6 are used to 
switch the 109 and 90Q standard resistors in/out of the feedback 
circuit, while the 9002, 9k, and 90kQ resistors are switched by solid 
State switch U4. The op amp, Ul and buffer force all current to pass 
through the selected range resistor. Voltage sensing is provided by 


the extra contact point at each range value. 


Range 4 (100kQ) is locked out above 10kHz due to stray capacitance 


effects. 
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3.3.2.3 Series Spoiling Resistors 


From Power Amplifier 


Figure 3-7. Series Spoiling Resistors 


Series spoiling resistors, Rl thru R4, stabilize the instrument for 
reactive unknowns. Each resistor is placed in series with the unknown 
by relays Kl and K2. The spoiling resistors are changed in conjunc-— 


tion with a corresponding standard resistor. 
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3.3.2.4 Phase Trims 
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Figure 3-8. Phase Trims 


Phase calibration trimmers R19 thru R23 and R40 calibrate dissipation 
factor for each measurement range. They compensate for phase 
differences between the unknown and standard measurement channels. 


Solid state switch U5 changes the phase trim when the corresponding 
range resistor is changed. 


3.3.2.5 Differential Amplifier 
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Variable 
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Figure 3-9. Differential Amplifier 
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The differential amplifier consists of 3 sections of quad-amplifier 
U13. Its input is sequentially selected by the input multiplexer U10O. 
The mulitplexer selects either the voltage drop across the unknown, 
the voltage drop across the standard (range) resistor, or the 1.0V RMS 
reference voltage for measurement. The reference voltage is measured 
first. The measured reference voltage is recorded as a reference 
number of counts (A/D converter counts) against which the measured 


unknown and standard signals are compared. 


3.3.2.6 Variable Gain Amplifier 
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Figure 3-10. Variable Gain Amplifier 


The variable gain amplifier (VGA), U17, works in conjunction with the 
level set and the range gain to boost the measured signal to the 
proper operating levels for the phase rectifier. The VGA is a pro- 


grammable DAC capable of producing signal gains of 1 to 256. 
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3.3.2.7 Overload Detector 


Signal from Variable Gain 
Amplifier going to 


Phase Rectifier a2 Signal Overload 


to Micro-Computer 


Figure 3-ll. Overload Detector 


Overload detector U7 monitors the signal going from the output of the 
variable gain amplifier to the phase rectifier. This peak detector 
indicates overload when the signal is too high. The detector's output 
goes HI when an overload occurs and the VideoBridge display results in 


an error message of "ERROR Analog". 


See Section 2.11 for error message descriptions. 
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3.3.2.8 Phase Rectifier 
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Figure 3-12. Phase Rectifier 


The phase rectifier, shown in the Block Diagram, resides in U14, Ul2, 
and Ull; a four quadrant, CMOS digital-to-analog converter. The phase 
rectifier is driven by a 512 x 8 bit PROM which does the synchronous 
gating needed to give a DC output. The PROM is driven by six input 
lines that are harmonics of the test frequency. Three other input 
lines are used to select the 0°/90° bit, 0°/180° bit, and LOW/HIGH 
frequency bit. This circuit provides a multiplier type action of 
phase detection. It takes the product of the sinewave (measured 
signal) coming in and the digitally related sinewave (from the PROM) 
to produce a DC current output. The current output of Ul4 is summed 


by two sections of operational amplifier Ull to produce a full wave 


voltage output. 
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3.4 MOTHERBOARD 
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Figure 3-13. Motherboard Simplified Diagram 


A simplified diagram of the motherboard is shown in Figure 3-13. The 
motherboard architecture centers on its standard communication bus 
which has 6 slots for plugging in circuit cards containing measurement 
circuitry, IEEE-488 interfacing Circuitry, RS-232C interfacing 
circuitry, and other bus compatable devices. The motherboard holds 


the Z80 CPU chip and its memory, the video generator and its memory, 
the master clock, and associated control logic. 
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3.4.1 CPU 


The central processing unit (CPU) used in the 2150/2160 is a Z80 
microprocessor chip. It has complete control of all functions of the 
instrument and does all the calculations required to arrive at the 
Gesired measured quantity. The CPU, when joined with the keyboard I/O 
(U12), interrupt controller I/O (U13), and main memory PROM, ROM, or 
RAM (U2 thru U8), comprise the 2150/2160's internal microcomputer. 


A computer bus exists to convey information from the CPU to its 


peripherals. To do this the CPU must supply, and the bus must convey 
certain specific information such as: 


- What information? 
- To whom? To what destination? 


When is the information valid? 


HK WwW NH F 
e 


- When is the destination name valid? 


The exact information is conveyed over an 8 bit DATA bus, the source 
or destination of the information is conveyed over a 16 bit ADDRESS 
bus, and the "whens" are resolved by CONTROL lines. The DATA bus, 
ADDRESS bus, and CONTROL lines are combined into one set of parallel 
lines, on the motherboard, called the standard (STD) bus. 


Any CPU can Support only so many capacitive, and only so many DC 
loads. Expansion beyond these load limits requires buffering. All 
ADDRESS, DATA, and CONTROL lines are buffered before they are routed 
to the standard (STD) bus. Thus, all devices that talk to the CPU can 
be divided into two groups: those that exist on one side of the 
buffers (that talk directly to the CPU), and those that exist on the 
other side of the buffers (that talk to the CPU through the buffers). 
It is the job of the motherboard's logic to decide on which side of 
the buffers a device is and whether or not to enable those buffers. 
If an addressed device is on the CPU side of the buffers (INTERNAL), 
it needs to be singled out (SELECTED) before it can speak or be spoken 
to. Devices that are INTERNAL are: 
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1. Keyboard I/O, KDI18279, U12 

2. Interrupt controller I/O, CTC3882, U13 

3. Video display generator control, MC6847, U26 
4. Video memory, RAM, U3l 

5. Main memory, PROM, ROM, or RAM 


Logic on the motherboard is programmed to know the addresses of these 
INTERNAL devices. For all devices not INTERNAL, the motherboard logic 
presumes that they reside somewhere off the motherboard, and the 


appropriate buffers are enabled. 


I/O decode is accomplished with two MSI (Medium Scale Integration) 
address comparators, Ull and U9. Ull is a comparator which is set to 
recognize a range of I/O addresses. This range is subdivided by the 
74LS8S139 which is a 2:4 line decoder/selector. When Ull recognizes a 
valid INTERNAL I/O address it selects the decoder which resolves the 
address, allowing one particular INTERNAL I/O device to communicate 
with the CPU. 


Memory decode is accomplished with Ul14, which is a 32 x 8 bit fused 
link ROM. The inputs to the ROM are address lines, the ROM is 
programmed to do a table lookup: "this address in, means this chip 
select out." The chip-select outputs are routed to one of the 
INTERNAL memory sockets (U2 thru U8). Note that U14 is doing the same 


job for the memory as the comparator and selector are for the I/O. 


Also note that these are more than just address lines entering the 
comparator chips in both of the previous circuits, these are the 
CONTROL lines that tell the comparator when the address is valid and 


when a chip select can be output. 
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3.4.2 Standard Communications Bus 


When the CPU addresses a device on the output side (EXTERNAL) of the 
CPU buffers, it also needs to be singled out (SELECTED) before it can 
Speak or be spoken to. There are a number of lines, called the 
Standard (STD) bus, that are dedicated to conveying address 
information, control signals, and data to and from these EXTERNAL 
devices. The STD bus has six locations for plugging in measurement 
and I/O dedicated devices. Standard bus signals and card edge 


connections are identified in Table 3-1. Devices that are serviced by 
the STD bus are: 


1. Digital and Analog Measurement circuit assemblies. 
2. GPIB circuit assembly (optional). 

3. RS232 Interface circuit assembly (optional on 2150). 
4. Cassette tape interface (Model 2160 only). 


Table 3-l. Standard Bus Signals and Card Edge Connections 


SIGNAL SIGNAL 
—4 MN EMONIC DESCRIPTION MNEMONIC DESCRIPTION 


+5V +5 Volts DC (Bussed) +5V +5 Volts DC (Bussed) 
GND Digital Ground (Bussed) i GND Digital Ground (Bussed) 
- 5V - 5 Volts DC 6 -5V - 5 Volts DC 
D3 In/Out Low Order Data Bus In/Out High Order Data Bus 
DATA In/Out Low Order Data Bus In/Out High Order Data Bus 
BUS In/Out Low Order Data Bus In/Out High Order Data Bus 
In/Out Low Order Data Bus in/Out High Order Data Bus 
Low Order Address Bus High Order Address Bus 
Low Order Address Bus High Order Address Bus 
Low Order Address Bus High Order Address Bus 
ADDRESS Low Order Address Bus High Order Address Bus 
BUS Low Order Address Bus High Order Address Bus 
Low Order Address Bus High Order Address Bus 
Low Order Address Bus High Order Address Bus 
Low Order Address Bus High Order Address Bus 
WR* Write to Memory or I/O Read to Memory or |/O 
lIORQ* \/O Address Select Memory Address Select 
1OE XP* 1/O Expansion MEME X* Memory Expansion 
REF RESH* Refresh Timing MCSYNC* CPU Machine Cycle Sync 
CONTROL STATUS 1* CPU Status (Z80-M 1) SATUS 0 CPU Status 
BUS BUSAK* Bus Acknowledge BUSRQ* Bus Request 
INTAK* Interrupt Acknowledge INTRQ* Interrupt Request 
WAITRQ* Wait Request NMIRQ* Non-Maskable Interrupt 
SYSRESET* System Reset PBRESET* Push Button Reset 
CLOCK* Clock Processor 4.0MHz CNTRL* CPU Clock 3,.84MHz 
PCO* Priority Chain Out PCI* Priority Chain In 


POWER 53 | AUX GND AUX Ground (Bussed) 54 | AUX GND AUX Ground (Bussed) 
BUS 55 | AUX +V AUX Positive (+12 Volts DC) | 56 | AUX -V AUX Negative (-12 Volts DC) 


*tLow Level Active Indicator 
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3.4.3 Extra Bus 


Some EXTERNAL devices used in the 2150/2160 communicate with signals 
that are not compatible with the STD bus. For these devices, a second 
proprietary bus called the extra bus is used. The extra bus is de- 
signed to carry analog signals as well as digital information. The 
extra bus transmits the following major signal categories (see Table 


3-2 for a further breakdown of signals): 


1. 7.68MH2 clock signal 

2. Sinewave test signals 

3. Chip select signals 

4. Measurement cycle and zero crossing information 


5. Remote start 


Table 3-2. Extra Bus Signals and Card Edge Connections 


MNEMONIC DESCRIPTION MNEMONIC DESCRIPTION 


AUX GND | AUX Ground (Bussed) AUX GND AUX Ground (Bussed) 


AUX +V AUX Positive (+12VDC) AUX Negative (-12 VDC) 
101 I/O Select 1/O Select 

103 \/O Select \/O Select 

60Hz 60 Hz Square Wave 128 x 60 kHz 

FO Test Frequency Square Wave 2xFO (FO@Fé connect tosine ROM Address Pins) 
F2 4x FO (FOF6 connect to sine ROM Address Pins) 8 x FO 

F4 16 x FO 32 x FO 

Fé 64 x FO Analog Gate Control 

Hi GATE Analog Gate Control Analog Gate Control 

Z GATE Analog Gate Control Analog Gate Control 

HI CMP Comparator Contol Comparator Control 

Z CMP Comparator Control SIG OVERLOAD | Comparator Control 

SINE GND | Ground SINEWAVE Buffered Sinewave 
LO-Vin A/D Converter Control Hl-Vin A/D Converter Control 


Start Measurement 
500mA CMOS Switches 
Ground 


Indicates Internal Process 
500mA CMOS Switches 
Ground 
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3.4.4 Clock Signals 
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Figure 3-14. Clock Signals 


Three clock oscillators are located on the motherboard. One clock 
signal of 4.0MHz is sent to the CPU to set processor speed. It can be 


monitored at TPl. 


A second clock signal is a "color burst" frequency (3.58MHz) produced 
by Yl and used for the video display generator. It can be monitored at 
TP2. 


The third clock signal of 7.68MHz is produced by Y2 and divided by 128 
to provide the 60kHz base frequency used by the sine generator. It can 


be monitored at TP3. 
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3.4.5 Power ON Reset 
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Figure 3-15. Power ON Reset 


The power ON reset circuitry is necessary because of the long power-up 
time of the switching power supply. During power-up, the output of 
U38 (SYSRST) is active LO. This resets all logic circuitry and 
maintains this level until cor reaches 4.8 volts. Capacitor C5 
then provides a slight time delay of about 1/10 second before the 
output of U38 is allowed to go HI and release the reset line. If eae 
should subsequently fall below 4.5 volts (usually due to line voltage 
variances), SYSRST will again go LO until Moe is restored to its 


operating level of 4.8 volts. 
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3.4.6 Video Display Generator 


The video display generator (VDG) is a Motorola MC6847 which accepts a 
binary control word gated into it from the microcomputer. In response 
to that binary input, the VDG creates characters, graphic, and 
semi-graphic information that is output in a format that corresponds 


to a normal television raster scan arrangement. 


The VDG has memory chip U31 associated with it which stores a screen 
of information to be scanned and displayed. The video memory has two 
operating modes. Initially, the VDG has access to the memory and is 
always scanning and converting the memory contents to characters then 
sends those characters out to the video display. When the processor 
is ready to read or write a character into that memory, it goes 
through a piece of arbitration logic that says, if the video display 
generator is doing a horizontal sync, a horizontal retrace, or a 
vertical sync, then grant the processor access to the memory. 
However, if the VDG is not doing horizontal sync or vertical sync, 
then it is putting video out and must not be interrupted. At that 
point the processor is told to wait, treating the video memory like 
slow memory. The processor will wait, keeping the address, data, and 
control lines activated, until a horizontal sync or a vertical sync is 
output, then the memory returns to normal operation and readily 


accepts new inputs from the processor. 


The composite video, as it comes out of the VDG chip, is a very low 
level signal. The signal is high impedance in nature and is very sus- 
ceptible to noise and interference. To counteract these undesirable 
qualities, there is a two transistor amplifier/buffer (Ql, Q2,) that 
transforms the VDG output signal into a higher level, low impedance 
output signal. This output signal drives the video section of the 
2150/2160. 
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3.5 VIDEO CIRCUITRY 


THE VIDEO CIRCUITRY CONTAINS DANGEROUSLY HIGH VOLTAGE. 
EXERCISE EXTREME CARE TO AVOID POSSIBLE ELECTRIC SHOCK WHICH 
MAY RESULT IN SEVERE INJURY OR DEATH. 


All video display circuitry for the 2150/2160 is contained on one 
circuit card. It provides all the signal processing required for 
displaying video information on the CRT screen. Operation of the 


video circuitry is discussed in the following paragraphs. 


Refer to Section 5, schematic diagram P/N 48642 for the following 


discussions. 
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Figure 3-16. Video Circuit Block Diagram 
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3.5.1 Video Amplifier 
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Figure 3-17. Video Amplifier 
The Video Amplifier circuitry serves two purposes: 


1. Amplify the composite video signal from the Video display 


generator. 


2. Drive the CRT cathode with the necessary Signal to produce the 


display. 
The following paragraphs will discuss these two functions in detail. 


The composite video input signal is applied to potentiometer Rl, the 
contrast control. The contrast control adjusts the level of the 
composite video signal going to the Video Amplifier. This signal is 
coupled through capacitor Cl to a fixed gain amplifier consisting of 
Ol, R3, R2, and C2. The AC gain of the stage is fixed by R3, R2, and 
emitter bypass capacitor, C2. Capacitor C2 is matched against circuit 
board strays to maintain the bandwidth of the stage at lOMHz. 


Transistors Q3 and 04 act as a buffer for amplifier Ql. 


Bias for Ql is derived from the DC restoration circuitry consisting of 


3 - 28 
2150/2160 


QO2, R4, R5, and CRl. When the 1V p-p video input signal, as applied 
to Ol, is in its negative peak, amplifier Ql is turned off. This 
causes transistor Ql's collector to rise toward +40VDC supply. This 
rising voltage is fed through buffer pair Q3 and 04, and diode CR1l to 
the emitter of Q2. When the DC voltage on Q2'S emitter exceeds the 
base bias, determined by voltage divider R4 and R5, transistor Q2 
turns on. This current charges coupling capacitor Cl providing bias 
for Ql. During the rest of the video input cycle, Ql is turned on 
forcing its output below Q2's bias point turning off 02. During this 
part of the cycle, Cl begins to discharge through the Base/Emitter 
junction of Ql. However, because the discharge path for Cl is through 
a high impedance path of Ql, Cl loses only a minimal amount of charge 
before the charging cycle is repeated. Thus, a constant bias is 


provided for Ql. 


Resistor R6 provides current limiting for Q3 and 04 should the output 
at pin 7 be shorted to ground. The output of the stage can have 
voltage swings in the vicinity of OVDC to 30VDC which are the levels 
required when composite video is applied to the cathode of the CRT. 
These voltage swings will turn the CRT from full-on to full-off 


providing crisp black and green, and some half-tone displays. 


3.5.2 Vertical Retrace Blanking 
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Figure 3-18. Vertical Retrace Blanking 
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One of the requirements of a video circuit such as the one used in the 
2150/2160 is blanking the electron beam whenever one frame has been 
completed and the electron beam is going to be retraced from the end 


of one frame up to the beginning of the next one. 


The Vertical Sync signal is fed to inverter Q5 which in turn feeds the 
signal to the gate of a VFET, 06. Transistor Q6 provides the blanking 
signal during the vertical retrace. When the Vertical Sync signal is 
in its active state as a low-going peak at P301 - Pin 4, inverter Q5 
is in its off condition. With Q5 off, Q6 turns on forcing the 
junction of R10 and Rll to ground. With R1O and Rll at ground, the 
potential at the wiper of potentiometer R33 is -40VDC as set by the 
voltage divider of Rll, R33, and Rl2. This -40VDC is fed to the 
brightness grid of the CRT, producing a black display. When the 
Vertical Sync signal is in its inactive state as a high level at P301 
- Pin 4, Q5 is turned on forcing Q6 off. With Q6 off, the junction of 
R10 and Rll becomes more positive as determined by the divider string 
of R10, Rll, R33 and R12. With the junction of R10 and Rll at a more 
positive potential, then the wiper of R33 becomes less negative such 
that the proper bias is supplied to the brightness grid producing a 
green display. Potentiometer R33 is available at the rear of the 
2150/2160 for adjusting the brightness of the display. 


Capacitor C3 provides a low impedance path for electostatic noise 
which could be coupled into the brightness grid from the flyback 


transformer causing brightness variations. 
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3.5.3 Vertical Drive 
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Figure 3-19. Vertical Drive 


The Vertical Syne signal comes in on pin 4 of P301 and is fed to 
inverter Q5. Amplifier Ul is the active element for the vertical 
Sawtooth generator. The vertical sawtooth generator transforms these 
vertical syne input pulses into a linear, sawtooth voltage waveform 
that will eventually drive the vertical deflection yoke. The sawtooth 


generator operates as follows: 


During the positive portion of the vertical sync signal, inverter Q5 
is turned on pulling its output low. This provides a near ground 
signal to the input resistor of Ul (R13) causing the feedback 
capacitor C4 to charge in a positive direction. Capacitor C4, 
resistor R13, and the voltage across R13 define the slope of the 
rising output. During the low level of the vertical sync signal, 
inverter 05 is turned off with its output pulled to +15VDC by pull-up 
resistor R8. This provides a positive signal to the inverting input 
of Ul causing the feedback capacitor C4 to discharge back to zero. 
The discharge rate is much faster than the charge rate due to the 
action of diode CR2 which is forward biased during the low level of 
the vertical syne pulse, yielding a slope much greater than that 


during the positive part since R13 is.bypassed during this cycle. 
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The voltage-to-current converter, U2, transforms the sawtooth voltage 
waveform at its input resistor, R19, to a sawtooth current at its 
output to drive the vertical yoke. Resistor R16 provides vertical 
height adjustment of the picture on the CRT by controlling the 
amplitude of the sawtooth waveform from the sawtooth generator. 
Resistor R17 is a DC offset adjustment for U2 which allows for 


adjusting the vertical centering of the picture on the CRT. 


Amplifier U3 is a buffer between the common bus and sense resistor 
R22. Resistor R22 senses the current from the voltage-to-current 
converter U2. The resultant voltage drop across R22 is summed with 
the output from Ul and fed back to the input to U2. The action of the 
R22 sense feedback is referenced against a stable common bus to 
maintain linearity throughout the vertical sweep. Resistor R20 and 
capacitor C6 prevent amplifier U2 from oscillating while driving the 


vertical yoke. 


3.5.4 Horizontal Drive 
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Figure 3-20. Horizontal Drive and High Voltage 
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3.5.4 Horizontal Drive 


The Horizontal Sync signal comes in on pin 5 of P301 and is fed to the 
horizontal oscillator, U14. The synchronized oscillator is used to 
provide drive of the appropriate duty cycle to the main horizontal 
Switching transistor Q7, a VMOS power FET. The horizontal oscillator 
has a startup delay circuit consisting of Cl2, R27, CR6 and CR7 to 
allow the power supply to stabilize before drive is applied to Q7. 
When Q7 is turned on, a current flows into the primary of Tl storing 
energy as a magnetic field in the core of Tl. At the same time, 
Charging current is supplied to capacitor Cl4 to supply the 40vpc 
required for the video amplifier and vertical retrace blanking 
circuits. When Q7 is turned off, energy in the core is supplied 
through the horizontal width and horizontal linearity controls (Ll, 
Cl6, and L2) to the deflection yoke. The magnetic field produced by 
the deflection yoke sweeps the electron beam across the CRT face. 
Horizontal position is proportional to the amount and polarity of 
current flowing through the deflection yoke. Capacitors C15 and C16, 
and linearity coil Ll provide proper wave shaping of the deflection 
Signal. Energy stored in the core of Tl is also supplied to the 
secondary of Tl providing the voitages necessary for cathode ray tube 
operation. Diode rectifiers CR9, CR10, CR11l, and CR12 develop the DC 
accelerating and focusing voltages for the CRT. The high voltage at 
the CRT's anode, for final electron acceleration, is 6kVDC. Display 


brightness and focus are controlled by R33 and R32 respectively. 


3.5.5 Video Control Summary 


This section describes the video controls available for adjusting the 
quality of the CRT display. The video adjustments described in this 
section are set for the best possible display at the factory just 
prior to shipping and need be repeated only under’ extreme 


circumstances. (Note the following CAUTION.) 
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REMOVAL OF INSTRUMENT COVERS MAY CONSTITUTE AN ELECTRICAL 
HAZARD AND SHOULD BE ACCOMPLISHED BY QUALIFIED SERVICE 


PERSONNEL ONLY. 


THE BRIGHTNESS CONTROL LOCATED AT THE REAR OF THE INSTRUMENT 
CAN BE EASILY DISTURBED WHEN WRAPPING THE POWER CORD ON THE 
REAR FEET. VERIFY THE CORRECT SETTING OF THIS CONTROL BEFORE 
CONTINUING WITH ADDITIONAL ADJUSTMENTS. 


IF THE INSTRUMENT IS PLACED WITHIN A STRONG MAGNETIC FIELD, 
THE VIDEO DISPLAY MAY BECOME PERMANENTLY OFFSET. IF THIS 
CONDITION OCCURS, DEGAUSSING THE VIDEOBRIDGE CASE IS REQUIRED 
TO RETURN THE DISPLAY TO NORMAL OPERATION. THIS MUST BE DONE 
BEFORE CONTINUING WITH ADDITIONAL ADJUSTMENTS. 


Equipment Required: 

Flat blade plastic trim tool or "tweaker" (steps 2,3,5,6) 

Hex head plastic trim tool (horizontal width, step 4) 

Video Adjustments: (See also Table 3-3) 

STEP 1. BRIGHTNESS Control - is a knob located on the instrument's 
rear panel and can be adjusted by hand. Brightness ranges 


from black (no display) to full brightness. 


To make the following adjustments, remove the outer blue cover per 


instructions given in Section 4.4.2.2 Removal/Replacement Procedure. 


The following adjustments are available through the side of the CRT 


Enclosure Cover. (Refer to Figure 3-21 for trimmer locations.) 
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TO AVOID ELECTRIC SHOCK FROM DANGEROUSLY HIGH VOLTAGES, USE 
ONLY INSULATED PLASTIC TRIM TOOLS TO PERFORM THE VIDEO 
ADJUSTMENTS DESCRIBED BELOW. 


STEP 2. 


STEP 3. 


STEP 4. 


FOCUS Control - adjusts the detail of the displayed 
characters for maximum sharpness. Make adjustment while 


observing the characters at the center of the CRT display. 


VERTICAL CENTER - adjusts the relationship for the entire 


display by moving the vertical frame either up or down. 


HORIZONTAL WIDTH (use hex head tool) - adjusts the size of 
the display by setting the left and right boundaries. The 
horizontal boundaries for the displayed picture can be 


compressed or expanded for best display size. 


USE OF ANY OTHER TOOL THAN THE RECOMMENDED HEX HEAD PLASTIC 
TRIM TOOL MAY RESULT IN ELECTRICAL SHOCK OR DAMAGE TO THE 
TUNING SLUG. 


STEP 5. 


STEP 6. 


VERTICAL HEIGHT - adjusts the size of the display by setting 
the top and bottom boundaries. The vertical boundaries for 
the displayed picture can be compressed or expanded for best 


display size. 


CONTRAST Control - adjusts the ratio of the brightness of the 


displayed characters to the background color. 


Table 3-3 is provided as a summary for the video adjustments and 


includes reference to trimmer locations and sections where additional 


information is available. 
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Table 3-3. Summary of Video Controls 


BRIGHTNESS Adjusts the brightness of the Section 
CRT display Section 


CIRCUIT 
DESCRIPTION 
ITEM CONTROL DESCRIPTION REFERENCE 


Adjusts the detail of the Section 
displayed characters on the 
CRT display 


VERTICAL Moves the vertical frame either Section 
CENTER up or down 


HORIZONTAL Adjusts the horizontal size by Section 
WIDTH setting left and right boundaries 


VERTICAL Adjusts the vertical size by Section 
HEIGHT setting top and bottom boundaries 


CONTRAST Adjusts the ratio of the bright- Section 
ness of the displayed characters 
to the background color 


(+) BRIGHTNESS CG 
FREQ 50-60Hz 
145VA (MAX) 


ow Blow 


REAR PANEL 


HORIZONTAL 
WIDTH 


DANGER 


HIGH VOLTAGE 


VERTICAL VERTICAL 


f HEIGHT CENTER 
vA W, FOCUS 
CONTRAST WA 


OUTER SIDE CRT ENCLOSURE COVER 


Figure 3-21. Video Control Trimmer Locations 
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3.6 POWER SUPPLY 


ALL PARTS OF THE POWER SUPPLY ASSEMBLY INCLUDING INPUT 
CIRCUIT COMMON ARE AT OR ABOVE POWER LINE VOLTAGE. THE 
ENERGY AVAILABLE AT ANY POINT ON THE ASSEMBLY MAY BE LIMITED 
ONLY BY THE INPUT FUSE. DO NOT ATTEMPT SERVICE OPERATIONS. 
FAILURE TO OBSERVE THIS WARNING MAY RESULT IN SEVERE INJURY 
OR DEATH. 


The Power Supply, under normal conditions, has very dangerous high 
voltages. Do not attempt to troubleshoot the power supply. If the 
power supply is suspected of being faulty, send the entire instrument 
back to ESI for servicing. To determine if a problem exists in the 
power supply, look at the five LEDS located on the motherboard (see 
Figure 3-22). Should one or more of these LEDS be dim or dark, the 
power supply may be faulty and the instrument should be sent to ESI. 
If all five LEDs are illuminated, the trouble is not in the power 


supply and normal troubleshooting procedures should be continued. 
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Figure 3-22. Power Supply Diagnostic LED Locations 
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SECTION 4 
PERFORMANCE, CALIBRATION, AND MAINTENANCE 


TO AVOID PERSONAL INJURY FROM ELECTRIC SHOCK DO NOT REMOVE 
INSTRUMENT COVERS OR PERFORM ANY MAINTENANCE OTHER THAN 
DESCRIBED IN THIS MANUAL. INSTALLATION AND MAINTENANCE 
PROCEDURES DESCRIBED IN THIS MANUAL ARE TO BE PERFORMED BY 
QUALIFIED SERVICE PERSONNEL ONLY. 


4.1 PERFORMANCE TESTS 


The following procedures describe methods for comparing VideoBridge 
performance with its published specifications. These tests are made 
via simplified testing procedures rather than by exercising the 
millions of combinations of test frequencies, test levels, and L, R, 
and C ranges. If the test results are found to be out of specifica- 
tion limits, check that controls are properly set, then proceed to 


Section 4.2 Calibration. 


When large numbers of measurements are made at a particular 
frequency, test level, and/or parameter, these performance tests can 


be customized to include the specific testing needs. 


NOTE: Allow a 10 minute warm up period before conducting 
any performance tests. 


NOTE: A proper offset zero calibration must be performed 
on the test leads or test fixture before doing any 
performance test or instrument calibration. This is to 
ensure measurement validity and repeatability. See Sections 
2.3.4 and 2.3.5 for more information on lead/fixture 
calibration. 
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Equipment Required Recommended Model/Type 


Resistance Standards: 


12 +/- 0.01% ESI Model SRI 
102 +/- 0.01% ESI Model SRI 
100Q +/- 0.01% ESI Model SR1l 
1kQ +/- 0.01% ESI Model SRI 
10kQ +/- 0.018 ESI Model SRI 
100kQ +/- 0.01% ESI Model SRl 
1MQ +/- 0.01% ESI Model SR1l 


Capacitance Standards: 


InF +/- 0.01% Genrad 1404A, 3-term, air 
100nF +/- 0.01% Genrad 1409T, 3-term, Silvered 
mica 


Frequency Counter: 


20Hz to 200kHz +/- 0.001% Hewlett Packard 5316 


Digital Multimeter: 


AC voltage 20mV, 200mV, 2V RMS 
full scale Fluke 8600 


AC current 2mA, 20mA, 200mA RMS 
full scale 


Bandwidth 20Hz to 20kHz 
Accuracy +/- 0.5% 


Low Gauge Wire RG-11/U coax shielding braid 
Connector Cable: ESI P/N 53155 


1 BNC-to-BNC cable, 5 foot 
length 


Shielding Plate: 


Approximately 8O x 100mm 
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4.1.1 Frequency Accuracy Test 


NOTE: Functions are displayed in direct format unless 
otherwise noted. 


STEP l. 


STEP 2. 


STEP 3. 


STEP 4. 


STEP 5. 


STEP 6. 


STEP 7. 


STEP 8. 


STEP 9. 


STEP 10. 


VideoBridge setup: 


Function Cs, D 
Range AUTO 
Frequency 150kHz 
Test level 1000mvV 
Measurement speed MEDium 
Measurement mode SINGLE 


Connect a BNC-to-BNC cable between the frequency counter 
input and the VideoBridge HI DRIVE (HD) unknown terminal. 


Leave the other unknown terminals unconnected. 


The counter should read 150kHz +/- 15Hz (6.667us 
0.0007us). 


Set VideoBridge frequency to: l100kHz. 


The counter should read 100kHz +/- 10Hz2 (10.000us 
O.OOlus). 


Set VideoBridge frequency to: 20kHz. 


The counter should read: 20kHz +/- 2Hz (50.000us 
0.005us). 


Set VideoBridge frequency to: 3750Hz. 


+/- 


+/- 


+/- 


The counter should read: 3750.00Hz +/- 0O.37Hz (266.667us 


+/—- 0.027us). 


Set VideoBridge frequency to: 1000Hz. 
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STEP 11. The counter should read: 1000.00Hz +/- O.10HZ (1000.00us 
+/- 0.10us). 


STEP 12. Set VideoBridge frequency to: 248.96Hz 


NOTE: The VideoBridge will display 249.0Hz due to internal 
rounding off. 


STEP 13. The counter should read: 248.96Hz +/- 0.025Hz (4.01667ms +/- 
0.0004ms). 


STEP 14. Set VideoBridge frequency to: 30Hz. 


STEP 15. The counter should read: 30.000Hz +/- 0.003Hz (33.3333ms +/- 
O.003ms). 


STEP 16. Set VideoBridge frequency to: 20Hz 


STEP 17. The counter should read: 20.000Hz +/— 0.002Hz (50.000ms +/- 
O.005ms). 


NOTE: This frequency test uses the VideoBridge sinewave 
signal for the frequency counter input. Some counter types 
have improved stability in readout with a squarewave signal 
input. If this is the case, use internal bus pin 67 (FO) 
and instrument chassis ground for counter input. This 
signal can be taken from pin 67 of either the Analog Card 
(J7) or the Digital Card (J6). 
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4.1.2 Range Resistor Accuracy Test 


STEP 1. VideoBridge setup: 


Function (Rs) SDEViation, Rs 

Range AUTO 

Frequency 10O0Hz 

Test level 1LOOmA 

Measurement speed MEDium 

Measurement mode SINGLE 

Nominal value 1 ohm (or value listed on standard) 


NOTE: To achieve this setup, key the following sequence: 


Push <G/R> <XCHG> <G/R> <value of standard> <blue> <NOM> 
<blue> <%> 
STEP 2. Perform a zero calibration by pushing the blue key and the 
CAL key. To "Close Unknown", remember to use a piece of low 
gauge wire to short the KELVIN KLIPS® together. 
STEP 3. Connect the 1Q standard resistor, making a 4-terminal 
connection. Connect the guard lead to the resistor case 


(shield). 


NOTE: If a proper 4-terminal connection has not been made, 
the error message "OVERLOAD!-- SUPPLYING xx MA" will appear 
at the bottom of the display. 


STEP 4. Set VideoBridge measurement mode to CONTinuous. 
STEP 5. The display should read: .000%Rs +/- 0.1%. 
STEP 6. Connect the 1092 standard resistor. 


STEP 7. Set VideoBridge to nominal value 102. 
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STEP 


STEP 


STEP 


STEP 


STEP 


On Be 


STEP 


SLEEP 


STEP 


STEP 


STEP 


STEP 


STEP 


STEP 


STEP 


STEP 


STEP 


oe 


12. 


14. 


LS 


16. 


17. 


is. 


Lo 


20. 


21% 


22% 


23. 


24% 


25. 


The display should read: .000%Rs +/- 0.05%. 
Connect the 1009 standard resistor. 

Set VideoBridge test level to 1000mvV. 

Set VideoBridge to nominal value 100. 

The display should read: .000%Rs +/- 0.05% 
Connect the 1kQ standard resistor. 

Set VideoBridge to nominal value 1000. 

The display should read: .000%Rs +/- 0.05%. 
Connect the 10k standard resistor. 

Set VideoBridge to nominal value 10k. 

The display should read: .000%Rs +/- 0.05%. 
Connect the 100kQ standard resistor. 

Set VideoBridge to nominal value 100k. 

The display should read: -OOO0%Rs +/- 0.05%. 
Connect the 1MQ standard resistor. 

Set VideoBridge to nominal value 1M. 


The display should read: .000%Rs +/- 0.1%. 
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4.1.3 Capacitor Accuracy Test 


STEP 1. VideoBridge setup for lnF accuracy test: 


Function (Cs) $DEViation, D 

Range AUTO 

Frequency 100Hz 

Test level 1000mvV 

Measurement speed MEDium 

Measurement mode CONTinuous 

Nominal value InF (or value listed on standard) 


NOTE: From the previous setup, press <C>, then <D>. 


STEP 2. Position the KELVIN KLIPS of the test leads to the width 
required to measure the lnF standard capacitor and perform 
a zero calibration. Be sure to maintain this distance 
between KLIPS during and after calibration, taking care not 
to move or wiggle the leads. Remember to place a piece of 
low gauge wire (RG-11/U coax shielding braid works well) 
between the KLIPS to "Close Unknown". 


STEP 3. To ensure adequate shielding against the effects of stray 
Capacitance, insert a plate of conductive material between 
the terminals of the lnF standard capacitor. Make sure the 


plate is securely connected to the capacitor case. 
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STEP 


STEP 


STEP 


STEP 


STEP 


STEP 


STEP 


STEP 


STEP 


STEP 


STEP 


STEP 


li. 


12. 


13. 


14. 


15. 


Set VideoBridge frequency to 1,000HzZ and perform a zero 


calibration. 


Set VideoBridge frequency to 10,000HzZ and perform a zero 
calibration. 


Set VideoBridge frequency to 100,000HzZ and perform a zero 
calibration. | 


Reset VideoBridge frequency to l1OOHz. 

Connect the Il1nF capacitance standard to the test leads. 
Connect the guard lead to the capacitor case (shield). 
Maintain the shield between the KELVIN KLIPS if the 


Capacitor terminals are closely spaced. 


The display should read: ~OO0O0%$CS +/- 0.1% and .O0000 to 
-0O0040 D. 


Set VideoBridge frequency to: 1l1000Hz. 


The display should read: -O00%CsS +/- 0.05% and .00000 to 
00025 D. 


Set VideoBridge frequency to: 10,000Hz. 


The display should read: -000%Cs +/- 0.05% and .0000 to 
~OO10 D. 


Set VideoBridge frequency to: 100,000Hz. 


The display should read: .000%Cs +/- 1.0% and .0000 to 
-0030 D. 
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STEP 16. VideoBridge setup for l100nF accuracy test: 


Function (Cs) *DEViation, D 

Range AUTO | 

Frequency LOOHzZ 

Test level 1OOOmvV 

Measurement speed MEDium 

Measurement mode CONTinuous 

Nominal value 100nF (or value listed on standard) 


STEP 17. If the space between the terminals of the 100nF standard 
capacitor is different than the lnF standard, perform a zero 
calibration on the KELVIN KLIPS at the new width for 100Hz, 
1kHz, 10kHz and 100kHz. Return test frequency to 100OHz. 


STEP 18. Connect the test leads to the 100nF capacitance standard, 
making a 4-terminal connection. Connect the guard lead to 


the capacitor case (shield). 


STEP 19. The display should read: -O00%CsS +/- 0.05% and .00000 to 
~-00040 D. 


STEP 20. Set VideoBridge frequency to: 1,000Hz. 


STEP 21. The display should read: -000% Cs +/- 0.02% and .0Q0000 to 
~00025 D. 


STEP 22. Set VideoBridge frequency to: 10,000Hz. 


STEP 23. The display should read: .000%Cs +/- 0.05% and .0000 to 
~OOl1OD. 


STEP 24. Set VideoBridge frequency to: 100,000Hz. 


STEP 25. The display should read: .000%Cs +/-1.0% and .0000 to 
~OO30D. 
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4.1.4 Test Level Accuracy Test 


STEP 1. VideoBridge setup: 


Function Cs, D 
Range AUTO 
Frequency 1LOOOHZ 
Test level 1500mvV 
Measurement speed MEDium 
Measurement mode SINGLE 


NOTE: Return to direct display by pressing <DIR>. 


STEP 2. Connect the test leads to an AC voltmeter input. Set 


voltmeter to the 2V full scale range. 


STEP 3. Push VideoBridge SINGLE key. 


STEP 4. The AC voltmeter should read: 


STEP 5. Set VideoBridge test level to: 


STEP 6. Push VideoBridge SINGLE key. 


STEP 7. The AC voltmeter should read: 


STEP 8. Set VideoBridge test level to: 


STEP 9. Push VideoBridge SINGLE key. 


STEP 10. The AC voltmeter should read: 
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1500mV +/- 62mvV. 


1000mvV. 


1000mV +/- 42mV. 


500mvV. 


500mV +/- 22m\V. 


the 


STEP 


STEP 


STEP 


STEP 


SLEY 


STEP 


STEP 


STEP 


Slay 


STEP 


STEP 


STEP 


STEP 


STEP 


STEP 


STEP 


STEP 


STEP 


ll. 


Lee 


Liss 


14. 


Lo 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


2/. 


28. 


Set VideoBridge test level to: 200m\V. 
Push VideoBridge SINGLE key. 
The AC voltmeter should read: 200mV +/- 10mvV. 


Set the AC voltmeter to the 200mV full scale range. 


Set VideoBridge test level to: 10QOmvV. 

Push VideoBridge SINGLE key. 

The AC voltmeter should read: 100mV +/- 6mvV. 
Set VideoBridge test level to: 50mvV. 


Push VideoBridge SINGLE key. 
The AC voltmeter should read: 50mV +/- 4mvV. 
Set VideoBridge test level to: 20OmvV. 
Push VideoBridge SINGLE key. 
The AC voltmeter should read: 20mvV +/- 2.8mV. 
Set AC voltmeter to the 20mV full scale range. 
Set VideoBridge test level to: 10OmvV. 

Push VideoBridge SINGLE key. 

1OmvV +/- 2.4mvV. 


The AC voltmeter should read: 


Set VideoBridge test level to: 5m\V. 
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STEP 


STEP 


STEP 


STEP 


STEP 


STEP 


STEP 


STEP 


STEP 


STEP 


STEP 


STEP 


STEP 


STEP 


STEP 


STEP 


STEP 


STEP 


22s 


30. 


31. 


32. 


336 


34. 


35% 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


Push VideoBridge SINGLE key. 
The AC voltmeter should read: 5mV +/—- 2.2mvV. 


Connect the test leads to the AC voltmeter current 


Set the voltmeter to the 200mA full scale range. 
Set VideoBridge test level to: 1l00OmA. 
Push VideoBridge SINGLE key. 


The AC voltmeter should read: 100mA +/- 4.2mA. 


Set VideoBridge test level to: 50mA. 

Push VideoBridge SINGLE key. 

The AC voltmeter should read: 50mA +/- 2.2mA. 
Set VideoBridge test level to: 20mA. 


Push VideoBridge SINGLE key. 

The AC voltmeter should read: 20mA +/- 1.0OmA. 

Set the AC voltmeter to the 20mA full scale range. 
Set VideoBridge test level to: 1l0OmA. 

Push VideoBridge SINGLE key. 

The AC voltmeter should read: 10mA +/- O.6mA. 
5mA. 


Set VideoBridge test level to: 


Push VideoBridge SINGLE key. 
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input. 


STEP 47. The AC voltmeter should read: 5mA +/- 0.4mA. 
STEP 48. Set VideoBridge test level to: 2mA. 

STEP 49. Push VideoBridge SINGLE key. 

STEP 50. The AC voltmeter should read: 2mA +/- O.1mA. 
STEP 51. Set the AC voltmeter to the 2mA full scale range. 


NOTE: Meter non-linearity may be encountered at this 
current range. If readings approach or exceed limits, 
Switch back to 20mA range. 


STEP 52. Set VideoBridge test level to: I1mA. 

STEP 53. Push VideoBridge SINGLE key. 

STEP 54. The AC voltmeter should read: 1mA +/- 0.O06mA. 
STEP 55. Set VideoBridge test level to: 0O.5mA. 

STEP 56. Push VideoBridge SINGLE key. 

STEP 57. The AC voltmeter should read: O.5mA +/- O0.04mA 
STEP 58. Set VideoBridge test level to: O.lmA. 

STEP 59. Push VideoBridge SINGLE key. 


STEP 60. The AC voltmeter should read: O.lmA +/- 0.024mA. 
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4.2 CALIBRATION 


WHEN PERFORMING ANY CALIBRATION OR MAINTENANCE OPERATION, 
DO NOT REMOVE OR REPLACE CIRCUIT CARDS WHILE THE POWER IS 
TURNED ON. FAILURE TO TURN POWER OFF MAY RESULT IN 
ELECTRIC SHOCK OR DAMAGE TO THE INSTRUMENT. 


The inherent accuracy of the Model 2150/2160 VideoBridge is based on 
the high stability of wire-wound range resistors and the frequency 
stability of the crystal-controlled oscillator. There are no full 
scale adjustments required. Basic LRC accuracy should remain within 
specifications for a number of years without maintenance other than 


occasional (6 month) performance testing. 


The calibration trimmers used in the Model 2150/2160 involve two AC 
zero trims, five high frequency dissipation factor (D) phase trims, 
and one low frequency D phase trim on the Analog card (P/N 53675) and 
a coarse/fine adjustment on the Digital card (P/N 53522). 


The AC zero trims (Section 4.2.2) are shorted test-lead adjustments. 
They reduce the amount of digital correction made by the instrument's 
auto-zero calibration. They only need be retrimmed for different 


length test-leads than those provided with the instrument. 


The dissipation factor (D) trims (Section 4.2.3) set the low D 
accuracy for each of the range resistors. These are more critical at 
the higher test frequencies (> 2000Hz) and need to be retrimmed only 


if performance tests show the D accuracy is out of specification. 


The coarse/fine reference adjustment (Section 4.2.5) is set at the 
factory. It requires no maintenance adjustment and only needs to be 
retrimmed if it has been adjusted by accident. If necessary, refer to 


Figure 5-6 for component and trimmer locations. 


NOTE: R54 and R55 have no effect on instrument performance. 
They may be left at any position throughout this procedure. 
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4.2.1 Equipment Required 


NOTE: Most high quality, commercially available polystyrene 
capacitors will meet the following specifications. Any uncon- 
firmed D factors must be verified by an independent source. 
The 136nF standard can be made by connecting two 68nF 


capacitors in parallel. DO NOT USE A DECADE CAPACITOR FOR 
THIS PROCEDURE. 


Dissipation Factor Standard Polystyrene Capacitors +/- 203%, 


Capacitors: D value known 

to +/- 

40Hz 0.0001 

lLOOkHz 0.0005 

lOOkHz 0.0003 

100kHz 0.0003 

50kHz 0.0002 

10kHz 0.0001 


Digital Ohmmeter: 
(with test leads) 


0.1% accuracy, minimum 4-1/2 digit 
display 


Extender Card: P/N 47625 


Test Fixture: Four-terminal, with BNC connections 
(such as ESI Model 2001, 2003, or 2004) 
Connector Cables: 4 BNC-to-BNC cables, 5 foot length 
P/N 53155 
Shorting Material: RG-11/U coax shielding braid 
or 


#14 (or lower) solid copper wire 


1 ohm, 5%, O.5W 
P/N 57039 


Resistor: composition or film 
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4.2.2 Short Circuit Zero Adjustments (Analog) 


STEP l. 


STEP 2. 


STEP 3. 


STEP 4. 


STEP 5. 


STEP 6. 


STEP 7. 


STEP 8. 


STEP 9. 


STEP 10. 


Instrument setup: 


Function Ls, Rs 
Range Auto 
Frequency 1OQOO0O0HZz 
Test level 1OOQmA 
Measurement speed MEDium 
Measurement mode CONTinuous 


Connect the shorting material between fixture terminals to 


create a short circuit. Note Rs value displayed on CRT. 


Connect a 1 ohm resistor in series with the LO DRIVE (LD) 


test lead. Be sure to maintain the LD shield connection. 


Adjust trimmer R46 (see Figure 4-1) until the CRT display 
reads the same Rs value as noted in Step 2, +/- 200p%. 


Disconnect the 1 ohm resistor and repeat steps 2 through 4 


until no further adjustment is necessary. 
Change the test frequency to 100,000Hz. 


Disconnect 1 ohm resistor from LD test lead. Connect 


shorting material between fixture terminals. Note Rs value. 


Connect the 1 ohm resistor in series with the LD test lead. 


Be sure to maintain the LD shield connection. 


Adjust trimmer R45 (see Figure 4-1) until the CRT display 


reads the same Rs value as noted in Step 7, +/-— 800». 


Repeat Steps 7 through 10 until no further adjustment is 


necessary. 
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4.2. 


3 High and Low Frequency (D) Phase Adjustments (Analog) 


STEP &. Instrument setup: 


STEP 


STEP 


STEP 


STEP 


STEP 


STEP 


STEP 


STEP 


Function Cs, D 
Range Auto 
Frequency 40Hz 

Test level 1000mvV 
Measurement speed MEDium 
Measurement mode CONTinuous 


NOTE: The VideoBridge displays dissipation (D) as a positive 
value. Therefore, negative and positive values of the resist- 
ance component may display the same D reading. When adjusting 
to a non-zero D, confirm polarity by pressing <G/R>. If ESR 
is negative, re-adjust for same D with positive ESR. 


9% Perform a zero calibration upon the test fixture (press 
<blue> <CAL>). Remember to use a piece of low gauge wire 
(such as RG-11/U shielding braid) to "CLOSE UNKNOWN". 

10. Set VideoBridge frequency to: 10,000Hz. 


ll. Perform a zero calibration at this frequency. 


12. Set VideoBridge frequency to: 50,000Hz. 


13. Perform a zero calibration at this frequency. 


14. Set VideoBridge frequency to: 100,000Hz. 


15. Perform a zero calibration at this frequency. The instrument 


has now stored the zero offsets for these frequencies. 


16. Insert the 136nF dissipation (D) standard into the fixture. 
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STEP 


STEP 


STEP 


STEP 


STEP 


STEP 


STEP 


STEP 


STEP 


17. 


18. 


19. 


20. 


21. 


nes 


23 


24. 


25% 


Adjust trimmer R19 (see Figure 4-1) for a D reading of the 
calibrated value, +/- 0.0005. 


Remove the 136nF capacitor and insert the 10nF D standard. 
Adjust trimmer R20 (see Figure 4-1) for a D reading of the 
calibrated value, +/- 0.0003. 


Remove the lOnF capacitor and insert the l1nF D standard. 
Adjust trimmer R21 (see Figure 4-1) for a D reading of the 
calibrated value, +/- 0.0003. 


Change the test frequency to 50,000Hz. 


Remove the lnF capacitor and insert the 330pF D standard. 
Adjust trimmer R22 (see Figure 4-1) for a D reading of the 
calibrated value, +/- 0.0002. 


Change the test frequency to 10,000Hz. 


Remove the 330pF capacitor and insert the 150pF D standard. 
Adjust trimmer R23 (see Figure 4-1) for a D reading of the 
calibrated value +/- 0.0001. 


Change the test frequency to 40Hz. 


Remove the l150pF capacitor and insert the luF D standard. 
Use the extender card to position the analog card above the 
instrument. Adjust trimmer R15 (see Figure 4-1) for a D 
reading of the calibrated value +/- 0.00010. 
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4.2.4 Analog Calibration Summary 


CASSETTE INTERFACE/RS232 INTERFACE, 
(Option 2150) P/N 52674 


or GENERAL PURPOSE INTERFACE, 
(Option) P/N 46114 


HANDLER INTERFACE, 
(Option) P/N 46903 
THIS SLOT ONLY 


ANALOG, P/N 53675 
DIGITAL, P/N 53522 
OPTION 


OPTION. 
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Figure 4-1. Analog Circuit Assembly and Trimmer Locations 
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4.2.5 Coarse/Fine Reference Adjustment (Digital) 


NOTE: This is NOT a normal maintenance adjustment. DO NOT 
perform this adjustment unless R1 was trimmed by accident. 
If necessary, refer to Figure 5-6 for component locations. 


STEP 26. Turn off instrument power. 


STEP 27. Remove Ul from the Digital circuit assembly, located in J6 
of the motherboard. ¥ 


STEP 28. With ohmmeter set to 2MQ2 scale, connect one test lead to 
TP2, the other to Pin 5 of the socket of Ul. 


STEP 29. Adjust trimmer Rl for a reading of 1.280MQ, +/- 0.002MQ. 


STEP 30. Disconnect ohmmeter, replace Ul. (Take care to observe 
index orientation and avoid bending the legs of the IC.) 
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4.3 MAINTENANCE 


This section of the manual contains maintenance information for use 
in preventive maintenance, corrective maintenance, and trouble- 
shooting of the Model 2150/2160. 


4.3.1 Preventive Maintenance 


REMOVAL OF INSTRUMENT COVERS MAY CONSTITUTE AN ELECTRICAL 
HAZARD AND SHOULD BE ACCOMPLISHED BY QUALIFIED SERVICE 
PERSONNEL ONLY. 


Preventive maintenance performed on a regular basis will improve the 
reliability of this instrument. It may include cleaning, visual 


inspection, or even monitoring the operating environment. 


4.3.1.1 Cleaning 


AVOID THE USE OF CHEMICAL CLEANING AGENTS WHICH MIGHT 
DAMAGE THE PLASTICS USED IN THIS UNIT. DO NOT APPLY ANY 
SOLVENT CONTAINING KETONES, ESTERS, OR HALOGENATED 
HYDROCARBONS (E.G. FREON). TO CLEAN, USE ONLY WATER 
SOLUBLE DETERGENTS, ETHYL, METHYL, OR ISOPROPYL ALCOHOL. 


Exterior. Loose dust may be removed with a soft cloth or a dry 
brush. Water and mild detergent may be used; however, abrasive 


cleaners should not be used. 


Interior. Use low-velocity compressed air to blow off the 
accumulated dust. Hardened dirt can be removed with a cotton-tipped 
swab, soft, dry cloth, or a cloth dampened with a mild detergent and 


water. 
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4.3.1.2 Visual Inspection 


This instrument should be inspected occasSionally for such defects as 
broken connections, improperly seated semiconductors, damaged circuit 


cards, and heat-damaged parts. 


The corrective procedure for most visible defects is obvious. Lf 
heat damaged components are found, particular care must be taken. 
Overheating usually indicates other trouble may be present in the 
instrument. It is important that the cause of overheating be 


corrected to prevent recurrence of the damage. 


4.3.2 Troubleshooting 


The following troubleshooting information is provided to augment 
other sections of this manual. The Circuit Description and Part 
Lists and Schematic Diagrams sections should be used to full 
advantage. Section 3 in this manual gives circuit description 
information while Section 5 contains the part lists and schematic 


diagrams. 


4.3.2.1 Troubleshooting Aids 


Schematic Diagrams. Schematic diagrams are provided on foldout pages 
in Section 5. The electrical value and circuit numbers of each 
component are shown on the diagrams. Power supply voltages are also 


shown. 


Circuit—-Card Illustrations. Illustrations of circuit cards are shown 
along with the schematic diagrams. Each card-mounted electrical 


component is identified by its circuit number. 


Test Point Locations. Test point locations have been indicated on 


both the schematic diagrams and the circuit-card illustrations. 
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Component Color Code. Colored stripes or dots on resistors and 
capacitors signify electrical values, tolerances, etc., according to 
the EIA standard color code. Components not color-coded usually have 


the value printed on the body. 


Multi-pin Connector Identification. Multi-pin connectors are 
soldered to the circuit cards. They mate with ribbon type cable 
assemblies to carry signals between cards. Connector pin 1 is 
indexed with a number 1 etched on the circuit card. Each connector 
is identified by a P number and can be located by using the circuit 
card illustration in Section 5 of this manual. P numbers shown on 
the illustration correspond to the P numbers on the schematic 


diagrams. 


4.3.2.2 Troubleshooting Procedure 


TO AVOID ELECTRIC SHOCK FROM DANGEROUSLY HIGH VOLTAGES, 
USE THE FOLLOWING PROCEDURES ONLY WHEN TROUBLESHOOTING THE 
ANALOG AND DIGITAL MEASUREMENT PORTIONS OF THIS INSTRUMENT. 
DO NOT USE THIS PROCEDURE TO TROUBLESHOOT THE POWER SUPPLY 
OR CRT CIRCUITRY. 


This troubleshooting procedure checks the simple trouble sources 
before proceeding with more extensive troubleshooting. The first few 
checks ensure proper connection and operation. If the trouble is not 
located by these checks, the remaining steps aid in locating the 
component. When the defective component is located, it should be 


replaced using the information given under Corrective Maintenance. 


1. Check Instrument Setup. Make sure the instrument is properly 
plugged into a wall socket. Also, check the rear panel line 
voltage switch and the line fuse to see that they match the line 


voltage being used. 
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Visual Check. Visually check the portion of the instrument in 
which the trouble is suspected. Many problems can be located by 
visual indications such as unsoldered connections, broken wires, 
damaged circuit cards, damaged components, or components bent 


over and touching. 


Check Voltages. A circuit stage may not be operating due to 
incorrect supply voltages. Typical supply voltages are given on 
the diagrams; however, these are not absolute and may vary 


Slightly between instruments. 


Trace the Signal. The analog portion of the circuitry can be 
checked by tracing the signal with an oscilloscope. By noting 
where the Signal disappears or distorts, the source of trouble 


can be located. 


Check Individual Components. The following methods are provided 
for checking the individual components. Components which are 
soldered in place can sometimes be checked by disconnecting one 
end to isolate the measurement from the effects of surrounding 


circuitry. 


a. TRANSISTORS. It is always best to check transistor operation 
under operating conditions. Transistors that are soldered to 
the circuit card should first be checked in-circuit uSing a 
dynamic transistor testor; then a replacement can be substi- 
tuted to verify that the old transistor is bad. Socketed 
transistors can be checked by substituting a component known 
to be good; however, be sure that circuit conditions are not 
such that a replacement might also be damaged. If substitute 
transistors are not available, check the old transistor 
out-of-circuit using a dynamic tester. Be sure the power is 


off before attempting to remove or replace any transistor. 
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INTEGRATED CIRCUITS. Analog IC's such aS comparators and 
operational amplifiers can usually be checked in-circuit with 
a voltmeter or test oscilloscope. An understanding of the 
device and circuit operation is essential for this type of 
troubleshooting. (For example, an op amp can be tested by 
measuring the input and output circuit voltages and comparing 


this ratio to the ratio of input and feedback resistors.) 


Analog IC's that are socketed can also be checked out-of- 
circuit using a dynamic tester. Digital IC's are best 
checked in-circuit using a logic probe or voltmeter. Use 
care when checking voltages and waveforms around DIP 
(Dual-Inline-Package) IC's so that adjacent leads are not 
shorted together. A convenient means of connecting a test 
probe to 14 and 16 pin IC's is with an IC test clip. fThis 


device also serves aS an extraction tool. 


DIODES. A diode can be checked for an open or shorted condi- 
tion by measuring the resistance between terminals with an 
ohmmeter set to the R x 1k scale. :The diode resistance 
should be very high in one direction and very low when the 


meter leads are reversed. 


DO NOT USE AN OHMMETER SCALE THAT HAS A HIGH INTERNAL 
CURRENT. HIGH CURRENTS MAY DAMAGE THE DIODES UNDER TEST. 


d. 


RESISTORS. Check resistors with an _ ohmmeter. Resistor 
tolerance is given in the Parts List. Resistors normally do 
not need to be replaced unless the measured value varies 


widely from the specified value. 
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e. CAPACITORS. A leaky or shorted capacitor can be detected by 
checking resistance with an ohmmeter on the highest scale. 
Use an ohmmeter that will not exceed the voltage rating of 
the capacitor. (Be careful to observe correct polarity when 
checking electrolytic capacitors.) The resistance reading 
should be high after the capacitor has been discharged. An 
open capacitor can best be detected with an LRC bridge, or by 


checking whether the capacitance passes AC signals. 


4.4 CORRECTIVE MAINTENANCE 


Corrective maintenance consists of component replacement and instru- 


ment repair. 


4.4.1 Obtaining Replacement Parts 


Standard Parts. All electrical and mechanical replacement parts for 
the Model 2150/2160 can be obtained from TEGAM, INC. 
However, many of the electronic components can be 
obtained through local sources. Before purchasing or ordering 
replacement parts, check the parts list in Section 5 for value, 


tolerance, rating, and description. 


NOTE: When selecting replacement parts, it is important to 
remember that the physical size and shape of a component 
may affect the performance of the instrument. All 
replacement parts should be direct replacements unless it 
is known that a different component will not adversely 
affect instrument performance. 


Order all special parts directly from TIEGAM, INC. 
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4.4.2 VideoBridge —- CRT Face Plate Cleaning 


The VideoBridge's CRT is protected by a removable face plate. To 


clean the face plate, use the following procedure. 


Face 


STEP 


STEP 


STEP 


Plate Removal Procedure (Figure 4-2) 


Le 


Loosen the thumb screw holding the CRT face plate in place by 


turning it counterclockwise. 


Remove the face plate by carefully pivoting it away from the 
holding slot. 


Place the face plate on a non-abrasive cloth for cleaning. 


Figure 4-2. Face Plate Removal Procedure 
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Face Plate Cleaning Procedure 


The chromafilter (CRT) surface treatment is impervious to most 
conventional cleaning agents. To clean, a non-abrasive cloth or 


paper wipe should be employed with any of the following: 
Commercially available window cleaners 
Mild detergent 
Ammonia and water 


Isopropyl Alcohol 


NOTE: Do not use acetone or freon. 


Face Plate Replacement Procedure 


Perform steps 1-3 (above) in reverse order. 
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4.4.3 VideoBridge — CRT Removal/Replacement 


4.4.3.1 CRT Precautions 


Handling 


The cathode-ray tube (CRT) is very delicate and requires special care 
when handling. Wear protective safety goggles and clothing when 
handling the CRT. Avoid striking the CRT against anything that might 


crack the glass or otherwise cause it to implode. 


Storing 


Store the CRT in a protective carton whenever possible. If that is 
not possible, store in a protected location. The storage location 


should include a soft, smooth surface to protect it against damage or 


HANDLE THE CRT WITH CARE. ROUGH HANDLING OR SCRATCHING CAN 
CAUSE THE CRT TO IMPLODE. TO AVOID PERSONAL INJURY FROM 
IMPLOSION WEAR PROTECTIVE GOGGLES AND CLOTHING WHEN WORKING 
WITH THE CRT. ONLY WORK WITH THE CRT IF YOU ARE QUALIFIED 
TO DO SO. 


scratching the faceplate. 


Disposing 


Cathode-ray tube disposal requires special precautions be taken. A 
CRT can be extremely dangerous. Do not dispose of the CRT by putting 
it in the garbage; it could cause physical injury. To properly 
dispose of the CRT, save and re-use the package in which the 
replacement CRT was shipped. If the original packaging is unfit for 


use or not available, repackage the CRT as follows: 
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STEP 


STEP 


STEP 


STEP 


STEP 


Obtain a carton of corrugated cardboard having inside 
dimensions of not less than six inches more than the CRT 


dimensions; this will allow for cushioning. 


2. Surround the unit with polyethylene sheeting to protect the 
CRY. 

3. Cushion the CRT on all sides by tightly packing dunnage of 
urethane foam between the carton and the CRT allowing three 
inches on all sides. 

4. Seal the carton with shipping tape or an industrial 
stapler. 

5. Send the CRT to the location from which the new CRT was 


obtained. 


THE CRT IS CAPABLE OF STORING A HIGH VOLTAGE CHARGE AFTER 
POWER HAS BEEN REMOVED. TO PREVENT PERSONAL INJURY FROM 
ELECTRIC SHOCK, USE AN OSHA OR UL APPROVED SHORTING STRAP 
TO DISCHARGE ALL HIGH VOLTAGE POINTS TO CHASSIS GROUND. 
THIS PROCEDURE MUST BE PERFORMED BY QUALIFIED PERSONNEL 
ONLY. 
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4.4.3.2 CRT Removal/Replacement Procedure 


STEP 1. Instrument Preparation. Turn instrument power OFF and 


remove all external connections. 


STEP 2. Outer Cover. Remove the five rear panel 8 x 32 screws 


holding the outer cover and slide cover off. 


Figure 4-3. Model 2160 Rear View 
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STEP 3. Circuit Card Hold-Downs. Remove the screws securing the 


two plastic circuit card hold-downs and remove. 


STEP 4. Rear Panel (left side). Remove the eight screws holding 


the rear panel (left side). 
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STEP 5. Circuit Assemblies. Remove four screws located on instru- 


ments left side. Remove all circuit assemblies. 


STEP 6. CRT Enclosure Cover. Remove the six screws securing the 
CRT enclosure cover. Remove this cover by sliding toward 
the back of the instrument until the power cord plug clears 


the instrument's power receptacle, then lift upwards. 
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STEP 7. Motherboard. Turn instrument over to rest top-side down. 
Remove the eight screws, unplug the keyboard, and hinge the 


motherboard out of the way. 


STEP 8. Front Panel. Remove the three screws and two nuts holding 
the VideoBridge front panel to the CRT enclosure. Set the 
front panel off to the side. 
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STEP 9. Cathode-Ray Tube. Turn instrument right-side up. Remove 


the four screws holding the CRT (2 on each side). 


STEP 10. High Voltage Plug. Rotate the CRT counter-clockwise until 
the High Voltage anode lead is facing up. Remove the High 


voltage lead. 


HANDLE THE CRT WITH CARE. ROUGH HANDLING OR SCRATCHING CAN 
CAUSE THE CRT TO IMPLODE. TO AVOID PERSONAL INJURY FROM 
IMPLOSION WEAR PROTECTIVE GOGGLES AND CLOTHING WHEN WORKING 


WITH THE CRT. ONLY WORK WITH THE CRT IF YOU ARE QUALIFIED 
TO DO SO. 


HIGH VOLTAGE LEAD 
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STEP lla. Cathode-Ray Tube Rear Connector. Carefully pull the CRT 
out approximately 2 inches or until the rear plug can be 


removed. 
OR 


STEP llb. Cathode-Ray Tube Rear Connector. Unplug the CRT connector 


from the Deflection circuit card. 


STEP 12. To install a new CRT reverse the above procedure, carefully 


observing all caution notices. 


4.4.4 Component Replacement 


DISCONNECT ALL POWER TO THE INSTRUMENT BEFORE REPLACING 
COMPONENTS. FAILURE TO DO SO MAY RESULT IN ELECTRICAL 
SHOCK. 


Semiconductor Replacement. Replacement semiconductors should be of 
the original type or a direct replacement. If the replacement 
semiconductor is not of the original type, check the manufacturer's 


basing diagram for proper lead identification. 


Free Standing Components. When replacing any components that are 
free-standing (not directly mounted to circuit cards), be sure to 
place the new components in the same physical location and position 
as the old components. If this is not done, there may be a 


possibility of components touching and causing a short circuit. 
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4.5 REPACKAGING FOR SHIPMENT 


If the Model 2150/2160 is to be shipped back to TIEGAM for service or 
repair, contact the factory (Instruments Business Unit Repair) and 
ask for an RMA # for the instrument. Before returning the unit, 


attach a tag showing: 


owner and the name of an individual at your firm that can be 
contacted 


address 

RMA # (Return of Material Authorization) 

complete instrument serial number 

a description of the service required 
Save and re-use the package in which your instrument was shipped. 
This package was especially designed for the 2150/2160 to protect the 
instrument should the package fall or be dropped. If the original 


package is unfit for use or is not available, contact TEGAM for 


instructions. 
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SECTION 5 
PARTS LISTS AND DIAGRAMS 


5.1 2150/2160 FINAL ASSEMBLY (P/N 32150, 32160) 
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<a, St“‘i‘CS;:*‘s‘Cs:S~S 24327 [HNL SERVICE MDL 2150760 | 1.000|EA|CaNC 
“alr C”t=Ct<“‘S:s~stsS~S s3a3 |scu,6032 X 1378 PHP SST | 11,000|BA|AaPC 
“~aCmC*~*=“‘“ ‘“‘; ; CO: s3ea2«/SCRs6232 X 312 FHP SST | 16.000|EA|adrc 
“aC”: s3e32”” SCR,4240 X 0800 PHP 8x | 2-000|EA|AdrC 
<—ow:C~S<CS;SC<S;CS n3683 CO /sCR,6232 K 1312 PHP SST | 5.000|BA|AADC 
aa yar ges cinhaninesraeencsay ng Merete tele Utorret a aegis iol 
| TITLE: |USED ON jon ENG DATE : 

|F.A.,MODEL 2150 | 2150 |N.MORRISON 1/22/85 | 

ano wis)! “= — | 


| 
132150 1m | 2 0F3 | F. BROWN 7/08/86 | 
|----------- |---- | ---22222----------- | ---------------------- | 


I3R11B 


SINGLE LEVEL BOM (SLBRPT.DMC) 


RV | NO 


| 
| TITLE: 


CIRCUIT 


DESIGNATION 


|F.A.,MODEL 2150 


| M 


3 OF 3 


| ITEM | DESCRIPTION 
| NUMBER | 
a9808”~S«sdsee,10032 % 0.375 —~CS~S 
150544 |SCR,8-32 X 0.500 
150236 |SCR,4-40 X 0.187 CUP 
103684 ISCR, 6-32X .250 FHS SST 
150510 |SCR,6-32 X 0.500 
|03629 |SCR,4-40 X .250 PHP SST 
|03577 \WSR,INT # 4 
103579 | WASHER, LOCK, #6 INT 
|03584 |WSHR,LOCK,INT # 8 
|05918 |WASHER,BNP #6 
|06665 | WASHER, FBR #8 
|03541 |NUT,HEX, #6-32,BNP 
|65036 |RIVET, .125D, .188/.250,DH 
157504 |PLATE, SIDE, HANDLE, 
|50824 | LOCTITE, 680 
159645 |KIT,FUSE METRIC 2150/60 
|18617 |BOX,PARTS 1234-1248 
(57591 |CBL,KK-BNC VIDEOBRIDGE 
156009 |SHT, INSTR, KELVIN KLIPS 
aa isa — 
2150 |N.MORRISON 1/22/85 
— a——«_ — 

| F . BROWN 7/08/86 


LH 


RUN DATE 6/11/92 

DATA DATE 06/11/92 
QTY |UM | MATL 
PER | |CODE 


iia at ili aie |-- joni lsu i 
4.000|]EA|A4xc 


| 32160 Le | 


1 OF 3 


RUN 


DATE 


O/Lilsye 


DATA DATE 06/11/92 


DESCRIPTION 


op) 
CG 
wy 
vy 
%) 
wn 
re 
ry 
yp) 
O 
a 
| 
G4 
a 
0 
to 
}-— 
OV 
=) 


—e as ee eee Oe ee ee ee Oe ee ee ee ow ow oe oe ee oe oe oe eee eee 


MOD,POWER SUPPLY 


ASSY,BRIGHTNESS CONTROL 


CKA,MOTHER BD,SUB2150/60 


CKA,H.F. DIGITAL 


CKA,HF ANALOG 


CBL,KEYBD/MOTHER BD 2100 


qe ee ES EE RS EES SS SS ES SS AS NS SS AS SS SS NS SD SASSY SSE SESS GES 


CKA,VIDEO 2100 
CKA,RS-232 TAPE INTRFACE 
CBL,TAPE DECK/RS-232 


|HANDLE,2100 SERIES 
| en 
| COVER, PLASTIC, HANDLE 


| ee ee we ee eee 
| BUTTON, PLASTIC HANDLE 


I3R11B 
SINGLE LEVEL BOM (SLBRPT.DMC) 
sagza] SC caRGUI.~S*~*~*~SC<CEEN«|~~SCéESCRIPTION 
RV|NO | DESIGNATION | NUMBER 
———o 153676 
“a :.Ct:*té‘S;SC;COC~™*S 46095 
isc CtC‘=C=C=CStét~S 45845. 
“oath hCt*t~t‘“‘;3 3OC*~*# 149304. 
zs °~°:~:~C~C:~<C<CS 60789 
z= ° °° 153522 
a.”  - 53675 
a. a 
"a |") ae verre 
“xi )CC:*=‘“‘;3COS#*# ————— 
"| 7 ie ra 43642 
a ht 52674. 
a: °::C:*=CS ;S ; 7 SPS*é‘i=S 47254 
“Rlold4] SSS ‘ae 
“i °::.té<‘“‘ ;*‘:*w 44895 
ua: CC:Ct=té<‘CS;C;C(<C#(O™#“‘OSC*# 3886S 
“°°. 44897 (SPR, 1750 X .650 X .039° 
i<“a:.CSC:t*t=<—=CSC*C‘“(C 34891 |PLATE,SIDE HNDLE RH 
c|019| 147166 
cia hl) CtCtCtC=“‘;COCO;C;~C™S 47509” (CASETTE,TAPE 2100. 
a, °° °° # # : i939 °~C«W Pt OVERAY SS 
ai.  -  - 5157 |WED, CASE MDL 2100/2110 
“a :C*~<;72;7RS:*~<“ nM — ° °°». 
—— j4931”~SC*<‘X‘ .s20kSSSSs=~=CS 
—=_ is. \GsED ON |PROJ ENG DATE 
|F.A.,MODEL 2160 | 2160 |IN.MORRISON 1/22/85 
are ENG DATE 
| F. BROWN 9/29/86 


PER | |CODE 


ememasemwaemwem | ewan | Ge ae oe == 
emewaweamemwen | awe [| a Ge aw om 
amemewmwemwewewe [| ewew | Ge on e= aD 
—_ aw ee ewes ese [| cow ee fo cee ae ce om 
eases amemaneeen | eames | = a= am ow 
evmeamememamesn | ewem | Ge a= ap aw 
qmemememe=wee | eeee | am aw owe 
—_mamanpseasemem | sweae f a= a= aw am 
manmweanmneamamews ~— awe | aoe ame am ow 
ememamenweaewe= | ewes | Ge omen c= 
a ee 
mame~mwenmneamen | esas | aap aus aan cD 
eamememenepes | ewes | oe ae ae == 
mememwoawemwaw | aewen | em ae a= «= 
emspemewmewmemwesn | ewes | oe aw awe 
asa esameawemen | awaw | ewewawec= 
empewawsecwaee aes | eeaew | @ oe == ow 
awempensmeeawee | ewe | oe aw om om 
ee eee 
amemaemwemwaweaen | aesewew | = ow ow ==! 
ameamaweameawwess >— «=m ame [| =p aus ame ome 
ew eaw eee awe | ese fo om awe ow oe 


| 
1.000|EA|H4NB 


1.000|EA|H4NB 


I3R11B 


SINGLE LEVEL BOM (SLBRPT.DMC) 


CIRCUIT 


DESIGNATION 


RUN 


DATE O/14/¥24 


DATA DATE 06/11/92 


|BRKT,STRAIN RELF PWR CRD| 


| a 
|BRKT,SIDE PNL MTG 2100 


— ee a oe ee es ee oe ee ee ee eee eee ee eee eee —- a= ese awe aew a ae Ge oe om — aw ew ee eee eo ae eee aes ee 


| 
| TITLE: 


|F.A.,MODEL 2160 
| ----------------=------=- |---------- | 


|REV | 
| ¥ : 


SHEET # 


| 
| 
| 
|WRAP,CRD ALUM ROD 2100 | 
| 
| 
| 
| 
| 


| 
| 
| 
| 
| 
er | 
| 

ee ee ee ee | 


SCR,6-32 X .375 PHP SST 


| 
|PROJ ENG DATE | 


|N.MORRISON 1/22/85 | 
IMFG ENG DATE 


| F. BROWN 


PER | 


| CODE 


= = 
1.000|EA|A5"* 


I3R11B RUN DATE 6/11/92 


SINGLE LEVEL BOM (SLBRPT.DMC) DATA DATE 06/11/92 
PT/SEQ) CIRCUIT. | I0RM | DESCRIPTION | Ory [UM| MATL 
RV|NO | DESIGNATION | NUMBER | | PER | |CODE 
a C!UC iease”~S«di ea 10-83 % 0.398SC merece: 
a) '50544 |scn,8232 x.0.500 ot elon tae 
Ce 50236 |scn,4-40 % 0.187 cur | -1.000 mal Ade 
“lo51,—S 03604  |Bcm, 6-32% .250 PHS ast] 2.000|EA\AArC 
los2). OO 150510. |SCR,6032 x 0.500 meer rs ee 
io53].SOS 03639  |Sca,4-A0 & 5250 pay Bee |B DaGlmAlagre 
\os4; 03877,—~S:é<“‘i LG SCT: me es hee 
jos} nt”6 Che e meric per 
“a: Te Chrys Oe oro a eee meer: end er 
yd ua aw ||CUC py soe mala ane 
~\<tCSCtC=CSsCsSSSSS 06665. |WASHER,FSR SCO "F000 zal ane 
“99, 1a 6~=O 6L Pg Wie ek eee 
so 0C~C~C*:r*é‘CSOCSC 165036 |REVET,.125D,.168/.250,DE| 2.000|EA\AaNc 
jo61|.—SO 150105  |scn,4-40 % .750 PHP BST | 4.000|EA\A4zC 
<< °° °€©~— ‘Stk yas, BIDE, MAGDLE, 2A | Leh ae 
aa seeaa.=~S:«coenzae.ceo=~S~SC*~<“<‘<CSCS caer errr 
_“a.:CUFSCSStCsSSTSS Gea Iuxe. vous NEeEGO u1NE400 | cad0 ek bane 
los) esi? = Cbox, PARED 1RBAcLaaS ~~ SCLSC«*«A« OG fmm Laan 
77) a acl. bene ERCNG GibEGEESOGE «| i. Gon tan lana 
“Aloe? 56009 - /SHR/INSTR,RELVIN KLTPs |" _1,000/za| cand 
—— hm. aa aa —=t 
F.A.,MODEL 2160 | 2160 |N.MORRISON 1/22/85 | 
—— wai CC “uac!6|CUmhme 


32160 | ¥ | 3 0F3 | F. BROWN 9/29/86 | : 
(ceene------ [Sore | Saseeer eee eeonnae er Besa eee een eA | ! 


5.2 FRONT END ASSEMBLY, 2150 (P/N 53678) 
FRONT END ASSEMBLY, 2160 (P/N 53676) 


a°2 
£190 / 2160 


T3R11B | RUN DATE 6/08/92 


SINGLE LEVEL BOM (SLBRPT.DMC) DATA DATE 12/12/99 
PT|SEQ| CIRCUIT | ITEM | DESCRIPTION | gry Jum] MATE 
NV|NO | DESIGNATION | NUMBER | | PER | |CODE 
~<a 50791 |saPE;ADASV 172" wipe | Tool (ax lasnc 
“ufoo2i| Cras Seer y erg maarwe red nt ren 
3 \003|.——O 44958 |PNL,EXERUSIN LWA 2100710| 1 7000|za| wane 
"joo4). 44828 | BRET, UPPER LEFT 2100 | 1000 gal wanc 
> 005). 44627 |auus,ursan naan? ai00 | yco00|aalaauc 
“jo06). “wan 6 6G a ares 
“gloo7]| 45213 |BRET,SIDE PANEL 2100 | 17000 [ga lwanc 
lea ant jaca men les 
“-_ °°: Poe aan Pomnencnncger rae mere Paper 
sloroy SC aM maa eee ed pre 
“ejolij Ss CtCSsS /47272 |END CAP, RIGHT HAND | 17000 /EAlnane 
lolz}. mt . mau. eer Pe ee 
sj013,—=SSCtCSCtC |44892 |PIVOT, PLASTIC, HANDLE | 2.000|BA/manc 
“Glol4j. 3500 ~”~*«<iéCakKSSG a eo eer 
15 | | ! | | | : 
- 1016} a. (au meer ser 
“ach Ea08 (ee; avubNeae Guay [Wee] 91.008 ak alae 
jog) CC Roomrergcrrsgsmed marae ry rd or 
aAjol9|. ata ~”-«Iepeecn,Aerwcae Guay | Votan aoe 
—joz}tti<“‘éSOOC~*™*” co pms = oa 
= | moa | pon anon ----------- [pseaseasee | wa en ronan nanan ana aSeeses Cee aerate 
}021| | | | | | 
jai 0C*C"”~C*~C“‘i‘ 2 3D 45351  |avury,svaczwa woTmER BD | 4,000|za (aan 
“jo23) oe pms sen ee a 
BPS | ear naSeaeereaneea ae poate [Saws nGraraaeeesaee ee aaeeics a eee 
}024| | | | | | 
iz: aa asa cL Oe 
‘UB ASSY,FRONT END 2150 [2150 | F.MATTERN 2/18/85 | 
TTEN NO. [REV |SHEET # | NEG ENG DATE 


| 
53678 | E | 1 OF2 |F. BROWN 7/08/86 | 
| | 


I3R11B RUN DATE 6/08/92 

SINGLE LEVEL BOM (SLBRPT.DMC) DATA DATE 12/12/99 

PT|SEQ| CIRCUIT | ITEM | DESCRIPTION | QTY | UM | MATL 

RV|NO | DESIGNATION | NUMBER | | | PER | |CODE 

i (Gael CN [Aaa eae I ceesalaladeces onsen ication eemcart= ia a 

a as [ae Sae aeeevena tees Sessa eee (amin wanamaiaaaiaaaiasameiaia [saeeee ==) =< 
025] | | | _ 

gad eee aaa ae SSSeeseee PSSA Reser sees [peaane ss ee oo 
oe a annccc en 
|027| 150793 |LOCTITE, #495 | .001/EA|A5NC 

sal ean eee are asae ease ae peoeo-eeee panne ne Reese aaa peice 
bead a =| 
|029 | | 28969 |TAPE,FOAM ADH BLK 18X37 | 400|FT|A4NC 

Be oe | eae sete eae esos | See = SESS e | Sas eee arte ecm baal eos 

A |030| 150750 |SCR,# 8 X 0.500 PLASCREW| 10.000|EA|A4NC 

ae [Sea | Sees Set ee eet ates eee a sane ah onesie nar ace par—oee heal peepee 
|031| 103629 |SCR,4-40 X .250 PHP SST | 12.000/EA/A4PC 

see te sea ae Se te a i ee | ea nr I ee ns Role ee as edeeadeied aie Gupta 
| 032] 103642 |\SCR,6-32 X .312 PHP SST | 3.000|/EA|A4PC 

a aa ears ea nin ca ve sige pice ni gn [aeeecees | = feneee 

A [033] |03694 |SCR, 8-32X .250 FHS SST| 9.000|EA|A4PC 

fe eal pare one een | see eee eh ooe ne enae see e esa ee seas a= Seudecrsanen tare fenpeaos 
|034| }50551 |SCR,10-32 X 0.750 | 4.000|EA|A4xXC 

oe tee [pear eee aeee ae ssaeere Pataansenee PSeRSa neers ean sesteeeeee (aaa Ge ae beaee 
oa aa 
|036| [03579 |WASHER,LOCK,#6 INT | 3.000|EA|A4PC 

el eae oe ean ee sane eeaere fuamieimia lessees cance cai ee la meee 
| 037 | | | | | | 

cae ee aaeSeaareas sae | aSeeeet ode ascites talaataias ea boca aieoaasisaians [peeseeee a oie 
pe | | I 

A 1039| |49123 |[WSR,.250 X .115 X .031 | 12.000/EA|A4PC 

pee eet | Seed seme een esas [=a-a22ese6 haul ain eeernainmemiaenonann [peeeseee [P= === 

sin a ses iii ae a: sn: i di ‘til el a | see se ii ss "Si i ee Si i Se: ec i i i i i hi | icin ein te ee ls: ds ica ‘av ea 

| TITLE: | USED ON |PROJ ENG DATE | 

|SUB ASSY,FRONT END 2150 |2150 | F .MATTERN 2/18/85 | 

SORSEe ana eae gaara [Rare seasiel ora ae ener ea 

| ITEM NO |REV |SHEET # |MFG ENG DATE | 

153678 | E | 2 OF2 |F. BROWN 7/08/86 | 

| 


RUN DATE 


6/08/92 


DATA DATE 12/12/99 


| CODE 


I3R11B 
SINGLE LEVEL BOM (SLBRPT.DMC) 
PT|SEQ| CIRCUIT | ITEM | DESCRIPTION | ony JUNI MAas 
RV{NO | DESIGNATION | NUMBER | | 
01 | | | ! 
“mjoo2}. SS Maal  \puGcaibOPLD MaDaSalE Dee 
3 |003|. OO MAgGk (SRB RPRUEAE GK 9100/00. 
‘a eee (44828 |BRET,URPER LEFT 2100 | 
> j005}. 44027. |BRRY,UPPER RIGHT 2100 | 
=a. a... inna | 
“zloo7| (45413 _|BRKT,SiDB PANEL 2100 | 
gjo08j, 45337 |oun, 0m UrEA AN WcorouS| 
“ploos|, CSCO newt 6a ae CC | 
piolo| “ua LL OO | 
“joy 41272. |END CAP, Ricus BAND | 
saa, CtC“‘i‘S:S SS ai€6€« C6([VMa ae : 
CCC 44893 |prvos PLABEIC, ERDLE | 
cjola]). m6 6L6lLh—a oO | 
J15| : | ! 
-ia CCC as MA, OOO | 
Fjol7|. 5608 [een evap, REBT GRAY (ear) | 
“jog) 46510 BUTTON, KYBD BLUE PER DwG| 
ajol9}. 52541.  |aurtom AEKAOAED Gaay | 
a nn 
1021] | | | 
‘jo22]). isaac peas Gea Ge 
ploz3} a ~~ tee cae ee eee 
s|024). i ~— lepA aPk DEC S| 
2: mo nous 6868CmhMm | 
3UB ASSY,FRONT END,2160 {2160 |P.NEVADA 6/13/84 | 
ITEN NO [REV |SHEET #| "FG ENG oat 
93676 | F | 1 OF 2 |F. BROWN 7/08/86 i 


I3R11B 


SINGLE LEVEL BOM (SLBRPT.DMC) 


CIRCUIT 


DESIGNATION 


RUN DATE 6/08/92 
DATA DATE 12/12/99 
| ITEM | DESCRIPTION | QTY | UM | MATL 
| NUMBER | | PER | |CODE 
eaacmaieniin [ease ne ee ae eeeseaa coe aaee (eaeamanns fae Gas 
[eS eenEasre pioaeeaneranteeneenanae essere “a 
| | : = 
|50791 | TAPE,ADHSV 1/2" WIDE | .001|RL|A5NC 
Paseasseeee (eaaanig arp emai [Aeeheeee Ieee 
150793 |LOCTITE, #495 | .001|EA|ASNC 
[parse Petes ae eee oe le atamecurans ae i 
ee pea 
| 28969 |TAPE,FOAM ADH BLK 18X37 | 1.400|FT|A4NC 
[eee at ese seab serene as [aHeaee eo [== | pean 
150750 |SCR,# 8 X 0.500 PLASCREW| 10.000|EA|A4NC 
(aise aariotarnl alaaneonagmieragmimietg beerreran an bores 
|03629 |SCR,4-40 X .250 PHP SST | 12.000|EA|A4PC 
| leauge ae ead ear 
|03642 |SCR,6-32 X .312 PHP SST | 3.000|EA|A4PC 
[Peaeaae alee aoe 
|03694 |SCR, 8-32X .250 FHS SST| 9.000|EA|A4PC 
eager la ieee 
{50551 |SCR,10-32 X 0.750 | 4.000|EA|A4xXC 
fame genteel bas — 
|05862 |SCR,#4X.375 PAN SHTMTL | 1.000|EA|A4NC 
mega ee feats 
|03579 |WASHER,LOCK,#6 INT | 3.000|EA|A4PC 
Remeaewnes coe an Ronee 
|03577 |WSR,INT # 4 | 2.000|EA|A4PC 
feemaeiae (ae rece 
103583 |WSHR,LOCK, INT # 6 | 2.000|EA|A4 
lemmas nepal aes 
| 49123 |WSR,.250 X .115 X .031 | 12.000|]EA/A4PC 
leeecegenrcn eles 
|05916 | WASHER, #4SMALL | 2.000|EA|A4PC 
eeegeerne a Cones 
|}03541 |NUT,HEX, #6-32,BNP | 2.000|EA|A4PC 
peeesasen|== [=== 
|03538 |NUT,HEX, 4-40 | 2.000|EA|A4PC 
| si i see i 1; is Sl ee 
ini i Saline i ~pt i i  i as i ei:-uins:i i , dn i | sl i ts nk i aS il ahs te i i ci sa mals 
USED ON |PROJ ENG DATE | 
2160 |P.NEVADA 6/13/84 | 
sic sc a i Som si is chi i id a Se oi pn: nl as | 
|MFG ENG DATE | 
|F. BROWN 7/08/86 |. 


| F 
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----------- | ---- | ------------------- | ---------------------- | 


5.2.1 Keyboard Circuit Assembly (P/N 45573) 


CIRCUIT NO. 


DESCRIPTION 

PC BOARD, KEYBOARD 
S§1-S32 SWITCH, MOMENTARY, PUSHBUTTON 
P501 HEADER, I/O, 20 CONTACT RTANG 


~ Bega. 


— eae o He | # 


P sol is 


Die wet. 


ESI PART NO. 


45572 
46500 
46501 


elele! 


Brit | 


THESE LOCATIONS FOR 
FUTURE CKT ASSN’'S 


TO 
54569 
MOTHER 
BD 


P50] -14 
PD 50\i -\i4 
P50! -\2 
P501-10 
P50i -& 
P50i -G 
P5011 -4 
P5o0\-2 


(Yo) 
(v1 
(V2) 

aoeE rat! 
(v3) . _ 
(\4) 

ane Hee sia oar “ne 
(V5) | 
(Vo) 

5 eye [oe ae 
(Y7) “i 

(x0) (x1) (x2) (x3) (x4) 

P50!-| P50!1-3 P501-5 PSsoi-7 P501-> 
TO 
MOTHERBOARD 
P/N 54569 


Cte} 
SYM Bou = oo 


2WiiGi DE TA 
> = moc 


Figure 5-1. Keyboard Circuit Assembly (P/N 45573) 


5 = 3 
2150/2160 


5.2.2 Keyboard—to-Motherboard Cable Assembly (P/N 47112) 


121.00mm +£12.0 mm- 


METRIC 


All Dims in mm 


Figure 5-2. -Keyboard-to-—Motherboard Cable Assembly (P/N 47112) 


5-4 
2150/2160 


a 


ic 


MOTHERBOARD CIRCUIT ASSEMBLY (P/N 60789) 


CPU AND SUPPORT 
(Page 5-9) 


MEMORY MATRIX 
(Page 5-10) 


BUS SPEC 
(Page 5-13) 


VIDEO DISPLAY SUPPORT 
(Page 5-11) 


MOTHERBOARD CIRCUIT ASSEMBLY 
FLOWCHART 


RESIDENT 1/O 
(Page 5-12) 


Sa 
2150/2160 


POWER SUPPLY MONITOR LED'S 


+12V Voce 


> TY) 


vec 
0.01 | 1.0 


C!O0-C40 C41-C43, 
C45,C46 


oo B&B & & & &e Bs 
$ Hh, z\ 
n 
=p) CG, Sey = 
————— C34 C33 C62 C32 Cu Cus 
c7 -<—- 2387 
~~ 28a 
gid a a) Ril 
—,| SS Ee eae ao 
yp) E49, E40, pued Far, gar 
{ } ¢ ‘N 
EERE!) — R42 ie S. 
[aus 
(12 
vA 
a 
1 ‘ 


1. All Resistor Values are in Ohms, 1/4W, 10%, Unless Otherwise Stated 
2. All Capacitors are in pF Unless Otherwise Stated 


Figure 5-3. Motherboard Circuit Assembly (P/N 60789 ) 


6 
21507 2.60 


T3R11B RUN DATE oO/issydé 

SINGLE LEVEL BOM (SLBRPT.DMC) DATA DATE 12/12/99 

saisea]l gancuIm™~——~O*~*~*~*~SC<CSEEM|S”SC*é SCRIPTION | QTY — | UM MATL 
NS | DESIGNATION | NUMBER | | PER | | CODE 
eo [53871 (PCB/HOTHER BOARD "77900 |BA| BAN 
“va. °° °°» # sigan GAB DISC, -SOPF/1000¥| 1-000) BA |A4xc- 
iai2a):):C~*~C~CS~;~S;72C;S«; CS Sigaa” [caB,DISC, —-«-25PF,1000V| 1-000] BA|A4PC 
“clooajel,¢aa,cso.SOSC~S~S T5241 [caPsDisc, 100PF,1000V| _3.000|EA|AdPC 
“lsosic? | SStC“C=CiCS*St*S 35922” (cap ,PREG, -<S6OPF, 500V|  1-000|BA|A4SC 
“\Sog|ca,cs SSS vas [caps2a. ur 15v 108 Ax | 2-000/BA|AANC 
“aloov|eailaasa5-40—~SOS agas2 [cap prsc,'1.0UF, S0v|_6-000|EA|AdPC 
“plo08(cd215,18-20,22-36,40|45658 nae DISC, 01UF, S0v| 28.000|BA|A4xXC 
~isic, .6CFCCCSS 3g926 [cap PREC, «20PF, S00V| _1-000|BA|AANC 
sihiM<—ar)|~°!:COC:”~C~*W T3386 [SiGNAL,-1NS14a, _75v|___2-000(EA|AQxc 
isakhe 51779 [REGTIFIER,IN4008, 600V| 2-000) EA|A4PC 
‘aa :C*~=~<CSs:*~S:*” 37264 [Te ,RAN, 16K,24-PIN,300NS|  1-000|EA|AANC 
<cuico8C*:*C:C“<C<S; CS; ;CSCS Siga1 [eaPsDisc, _250PF,1000V| 1-000) EA|Aaxc 
> joidjgied SS ia7s1.~SC«dKSSTR, -2N3904.—~* ~~" 47000 | Ba |AaNc 
~us SCC*~<“‘;C‘;*~™~S yaa [geS, 150) S8/174W,CBN|  1-000/EA|A4xC 
“i T3455 [RES, 22) «<58/1/4W,CBN| _1.000/EA|A4DC 
-“a—6~C*=C“‘=i=‘=‘CSC:*~:*~S*~*S T3398 |RES, 10, -S¥,174w,CBN| _1-000|BA|A4DC 
~lorgisiizis,28,43,49*(13901”~«(RES, 47, 58/1/4W,CBN| —8.000/BA/A4DC 
ak . T3902” [RES, 68) S8,1/4W,CBN| 2.000|EA/A4DC 
“oar 0~C~CS«S;«S«S«S«S# T3908 |RES, 120, 58,1/4W,CBN|  1.000|EA|A4DC 
~“lpnlnaai?72~—~C~S 3913. [RES, 330, 58,1/4W,CBN|  2.000/EA/A4DC 
~\so2\n3,n5.R6OOSSCSCS~S T3911 |RES, 220, 58,1/4W,CBN| 3.000|EA|A4DC 
~"|923(n28,33,34,35 T3915 \RES, 470, 58,1/4W,cBN|  4.000|EA| AADC 
“"|034\n8027:29.°~~SOSC~S™S T3916 |RES, 560, 5%,1/4W,CBN|  3.000|BA|A4DC 
"a Sazp on \paos ENG ~SDave =| 2 StCS~™S , 


|CKA,MOTHER BD,SUB2150/60 |2150/60 |C.VANWORME 7/03/84 | 
| [Heese | pam eee a 
_ | ITEM NO |REV |SHEET # |IMFG ENG DATE | 
[60789 13 | 2 OFS | F. BROWN 7/11/84 | 


[3R11B RUN DATE O/LLl/yZ 
SINGLE LEVEL BOM (SLBRPT.DMC) DATA DATE 12/12/99 
SS)szg) TC caRGUIT.S*~*~*~YSC<aTEM”~=~)”~*«éSi@SCRIPTION =| QTY —|UM|NATL 
RV|NO | DESIGNATION | NUMBER | | PER | |CODE 
7 co Rs [aaaneetahe | naan ee nena an anna en Ceeucaneet is lex peas 
““lo35{Rig,21,22... ~~~ 3017 [RES, 680, S4,174N/CBN|  3-000/EA|AG 
“a °° T3519 [Rugs g20) Bas174w,GEN| 1.000|EA|A4DC 
1555 |R1,10,16/19/20,39,42|13920. aos LK, 84,i/4,cBN|81000|BA| AADC 
| | 45 : | | | 

~is7:C*~C<=CSCS*é‘CS 3507 IRES) 100) 54,1/4W,CBN|  1-000|BA\a4DC 
“a °° °° °°» 39a7 |RES, 407 Ky 54s1/4w,CBN|  1-000|BA/AdDC 
“~~. C:CSCS; CSC T3018 RES) S06 Ky 53,174", CBN| _1-000|EA/AaDC 
sa ¢°~°):~C~C~:*«*‘(‘CO(S(O“SN T3555 /RES, 470K, 54,174",CBN|  1-000|BA|A4DC 
—<—°.°CCCSS 333637 [RESs11.5 Ky 14,178",MET| 1.000|Ea|A4PC 
“aa: °° :°~CS~S sigis |REs) 39,54 1/4w,CBN| _1-000|EA|AdDC 
aa ¢!C”:*~*W i720 (RES, 100, 'das1/8n/MET|  1-000|BA|A4PC 
~“iuc °° 31740 |RES, 10 Ky 18/1/8W,MET| _1-000/BA|A4DC 
(aau:S~C:C*C<“=i=‘<“i<=<=i=C:*‘~S™S 36072 |RESs330 ) SRES/IOFIN,SIB|  1-000|EA|A4PC 
inka: :~=~S:~C*=<“<=<CS*S aggs0 |RES, 10 Ks 24, s2u,8IB| 2-000 |EA|AGPC 
Ta | Scans \eacs747an D FLIP FLOP | 2-000 |EA|Ad 
-js\2e °° ° °° scg03 [pus7410N ScINPUT NAND | 1-000|BA|AANC 
“sue 0¢~C~CS~S=<SCSCS*# 5608 [EEL;7442N 10F10 DECODER | 1-000|EA|AANC 
“"loai|u17,035,037, SS sogse lagn.7404N HEX INVERTER | 3-000|EA|AQNC 
“ace °° sosaq {LINEARSEMSIIN VOLT COMP | 1-000|EA|A4NC 
uaa 5362 [xcBIVER;DPOSO4BN BBIT BI|  8-000/EA|AANC 
“a :C:*~<S<S 272 727C2S; CS*‘*;:;# 3596 |waREs26 GA YELLO WER WRP|  .060|FT|AGBC 
, |oaju26°~C*~C“‘<“<~=CS=~C=~s~:*~*S caja [cpusmcee47P VIDEO DISPLY|  1-000|EA|AANC 
Arr ees aagad’ [3e,74a28521/8-017 EOL T0|  2-000|EA\AéNC 
“ua eoe7a LESLTRSaN20 GPIN MINI DIP| 1.0001 BA|AANC 
— asus on \paoo ENG==~C<iESC=d|SCtst‘Cé‘iLSCé;étét*# 
|CKA,MOTHER BD,SUB2150/60 |2150/60 |C.VANWORME 7/03/84 | 

ten NO [REV [SHEET # SS MFG ENG. DATE. 

|60789 2 OF 5 | F. BROWN 7/11/84 | 


| 3 | 
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T3R11B 


SINGLE LEVEL BOM (SLBRPT.DMC) 


RUN DATE O6/14/¥4 
DATA DATE 12/12/99 


PT|SEQ| | ITEM | DESCRIPTION | QTY |UM|MATL 
RV INO | DESIGNATION | NUMBER | | PER | |CODE 
= | a= | ===-----=--- |---------- | ------------------------ |-------- |--|---- 
--- | ------------ | ---------- | ------------------------ |-------- |--|---- 
a aan manee 
. |049]U12 149187 |IC,8279 KYBD/DISPLAY | 1.000|EA|A4NC 
n= | =a | ------ 2-2 | coon | --------- == nnn nn nnn |-------- |--|---- 
4 |050/UL 146178 \IC,Z80 CPU 4MHZ,40PIN | 1.000|EA/A4NC 
wo | aon | enna anne naan nn anne | anna none | mann acne non ncennnaannn |------=- |--|---- 
a |051]uU9 145656 |TTL,74LS139N DECODER | 1.000|EBA|A4NC 
== | === | -------------------- |---------- | ----------------------=- |-------- |--|---- 
1 |052)U30 146201 'TTL,74LS373 QUAD D LATCH| 1.000/EA|A4NC 
-- |---| ------------ | ---------- | ------------------------ |-------- |--|---- 
bit ! : | = 
. 1054/U13 149183 \IC,Z80 CTC 4MHZ,28 PIN | 1.000|EA|A4wc 
-- | === |------------ | ---------- | ------------------------ |--------|-- |---- 
A]055{u15 172366 |ASSY,PROM,DATREF 16V8 | 1.000|EA|NONC 
to | nos | aaann anne nnn nena nnn | nannnnn- | ------------------------ |-------- | -- |---- 
|056|uU44 143099 |IC,8PIN 1403 OR 3P AD580| 1.000|EA|A4NC 
-- |---| ------------ |---------- | -----2------------------ |-------- |--|---- 
| 057 | | | | | | 
-- |---| ------------ | ---------- | ------------------------ |-------- |--|---- 
|058 | | | | | | 
-- | ---|------------ |---------- | ------------------------ |-------- |--|---- 
|---| | | : | 
1060 | | 20860 |SOCKET,IC 16 PIN | 1.000|BA|A4xC 
~~ | ==- |-------------------- |---------- | ------------------------ |-------- |--|---- 
esa | | | = 
1062 | 141342 |SOCKET,IC 40 PIN | 3.000|BA|A4xC 
~~ | ---|------------ | ---------- | ------------------------ | -------- | -- |---- 
A|063| 162298 |SOCKET,28 CONTACT DIP | 5.000|EA|A4SC 
w= | -o= | ---- 2-2-2 -------- == | -noen | ------------------------ | --------|-- |---- 
A 1064] 145660 |SOCKET,20 PIN DIP 1.000|EA]A4xC 
-- |---| ------------ |---------- | ------------------------ |-------- |--|---- 
| 065 | | | | | | 
-- |---| ------------ | ---------- | ------------------------ |-------- |--|---- 
a anainia oneaachas 
A |067]}Y2 145662 IXTAL,7.68MHZ HC-18/U ) 1.000|EA|A4DC 
-- |---| ------------ |---------- | ------------------------ |-------- |--|---- 
A |068]Y¥1 145663 |XTAL,3,579545MHZ | 1.000])EA/A4DC 
--|=-~|------------ |---------- | ------------=----------- |-------- |--|---- 
cy becaanened ae 
A |070|310 146501 IRBN,20 PIN FML 0.100 CTR} 1.000|EA|A4NC 
-- |---| ------------ LEER | NASA K AARON NOI 
| TITLE: |USED ON |PROJ ENG DATE 
\CKA,MOTHER BD,SUB2150/60 |2150/60 |C.VANWORME 7/03/84 
ses cue eres ns ees es fine can nme fa ene em nw ORD SD OND MD SD CD OD GD EDD ND SD | wesasenacasamenanen | amas aven an an as anan es an aan en a an an an an om om 
| ITEM NO |REV |SHEET # \MFG ENG DATE 
3 OF 5 | F. BROWN 7/11/84 
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SINGLE LEVEL BOM (SLBRPT.DMC) 


CIRCUIT 
DESIGNATION 


PT|SEQ| 
RV|NO | 


a See ei 
aww | wee | eww ew www ww ee eee ee eee 
a ren ee 
aoe | ewes | we ww ere ee we we ee eee eee Oe 
ee es eae 
we ee | owe es | we ww ewe ww ee eee ree OO re eee 
es ee es 
ey ns iene 
es ee ee 
eee | owe | ww we wwe ew ewe een es es ee ee ee 
awa | mew | we www eee wees eee ee ee 
ww ee | ws ff ee er re ee ee eee eee eer oe eee 
a a es 
a rns nas 
wee | wee | wr ew www ew wwe we se ee eres eee 
es ee es 
es es ees 


|USED ON 
| CKA, MOTHER BD,SUB2150/60 |2150/60 


| TITLE: 


RUN DATE 


6/11/92 


DATA DATE 12/12/99 


PROM,MEM DECODE,11-27512| 
ae ew ee eee | 


BAR,MOTHER BD PIVOT 2100 


| 
| 
| 
| 
| 
| 
| 
BRACE,STIFFENING FRONT | 
| 
| 
| 
| 
| 
| 
| 
| 


| 
| 3 | 
| 


WASHER, LOCK, #6 INT 
SCR, 4-40X .250 FHS SST 
mee ee ee we ee we eee |----- 

|PROJ ENG DATE | 
\C.VANWORME 7/03/84 | 
| 
|MFG ENG DATE | 
| F. BROWN 7/11/84 | 


PER | 


| CODE 


| 
1.000|EA|H4NB 


eno came nw sale ee ome |--|---- 


1.000]EA|H4NC 


13R11B RUN DATE 6/11/92 


SINGLE LEVEL BOM (SLBRPT.DMC) DATA DATE 12/12/99 
PT|SEQ| CIRCUIT | ITEM | DESCRIPTION | QTY |UM | MATL 
2V|NO | DESIGNATION | NUMBER | | PER | |CODE 
alates (shins RemannneezOn feeneneeneey PRReORRRRSIRESEEANEISNN: [ivoiniel ton Dees 
095] 103630 ISCR,4-40 X .312 PHP SST | 4.000/EA/A4PC 
Wa | mae | 22 nn - 22-22 n= [anon nnn | ------------------------ |--------|-- |---- 
1096 | 103629 ISCR,4-40 X .250 PHP SST | 2.000|/EA/A4PC 
~~ |---| -------------------- |---------- | ------------------------ |-------- | -- |---- 
A|097| 151639 |NUT,6-32 W/NYL INSRT LCK| 2.000|EA|A4DC 
t= |---| -------------------- | =---=----- | ------------------==---- |--------|-- |---- 
1098 | 122343 |BUMPER, FOOT GRY50 | 2.000|EA|A4NC 
~- | === | -------------------- | ==-------- | ------------------------ |-------- |-- |---- 
1099 | 103577 IWSR,INT # 4 | 4.000|EBA|A4PC 
= | 2a | -------------------- | ---------- | ------------------------ | --------|-- |---- 
1100] 103643 ISCR,6-32 X .375 PHP SST | 2.000|EA/A4PC 
~- |---| -------------------- | =--------- | ------------------------ |-------- |-- |---- 
B}101} 101700 |CLAMP,CBL 5/16" PLASTIC | 1.000|EA|A4NC 
= |---| -------------------- | ---=------ | ------------------------ |-------- |-- |---- 
F/102| 101703 |CLAMP,CBL 3/16" PLASTIC | 1.000|EA/A4NC 
= | aaa | -------------------- | ---------- | ------------------------ |-------- |--|---- 
| ------------------------- |---------- | ---------------------- | ------------------ 
| TITLE: |USED ON  |PROJ ENG DATE | 
|CKA,MOTHER BD,SUB2150/60 |2150/60 |C.VANWORME 7/03/84 | 
| ITEM NO |REV |SHEET # |MFG ENG DATE | 
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Figure 5-3. Motherboard Circuit Assembly (P/N 60789) (cont) 
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I3R11B RUN DATE 6/08/92 


SINGLE LEVEL BOM (SLBRPT.DMC) DATA DATE 12/12/99 
“am” \ecme °° | aa s) eee” °° 8 ee See 
RV|NO | DESIGNATION | NUMBER | | PER | |CODE 
~"S1|3204°~¢°CS<S~«CS:S 26586 IGuee. 13 SiR FE CSD At A OOO EA Bane 
“alg02/3301 COC sivea”  \pouaiua avieran 186 cee | 22000)ms AONC 
‘nl00319208°~—C~CS~S 66 lange cet SS LOD ea late 
y |o04|3308,3801°°~—CSCS sia lca RBG, Seta Ban cite,” 4 odh an ae 
“xloos| ST sees Seu Cue SRieOCAUAD 480. 4,000 1EA inane 
loo) isos, ~~ [COM FI, CANETEL, 32-00 | EcOGG}aalAune 
a joo7| ak.» laa nace Asda! 000 en lade 
“a ‘seise «Iga CARE, LAaR1.2G | 40000 (mal Acne 
“io; |S ‘Mike 6= SL ee re de 
“aa Baye tae A BR es Sv =| 68 ie ate 
ral Pres (ne caged SEWERE AAG BER BLE CAE EEL 3. Pod le lnane 
“iat hc sono” Iwsan. b4a Son GE CA SEL O.BGniee inane 
clu StCStst—CSsSSS socia SCs BG ek Ou Ck, ben eee 
lal ‘suet wien, 4aa on Wan Cas eal 4. boc lyn adae 
— |: ng0ck INtka. O43 Wee GER Con Goel GL ONGI Se Rane 
a 1 aocch sue. 645 Bun BiG CAD S¥E| LOG ee laure 
“17; = )CSSC:C:*C:C cui Sata dak Wk GU Ck | Loe pele 
iia; |CSCFCST™COC Guan Wecaueas Oya wae crtae (Sn oe lee 
“li; ~|COSSC:*t:CSCStS eels” tana cae A GE a 4 ee ke 
~~ CFCSCtCtCSs acu.” leas Ae ee ee kee eee 
“|\o2i1| SS Aaa WERK UGS OTR WERJOLD BELL A ObOl ye laaue 
i\o22, |SCSCS:t*C<CS:tCt‘CStSCS '76i4  (SEaeChiay RELPUCATED G4; 19. 000\ ea lAdne 
“ai °”6CSCSC ‘Sauia” WERE, 824 EK ED COD eee 2.000 \¥elAAnC 
“la, COC seins ec ae GR WE SLL 4 O08 ee laane 
nme lUseD oN |PROJ ENG DATE |S 
CBL,ASY MOTHER BOARD | 2150/60 | | 
ak aes OC —a eo 


| | 
49302 | K | 1 OF2 | 
| | 


I3R11B RUN DATE 6/08/92 


SINGLE LEVEL BOM (SLBRPT.DMC) DATA DATE 12/12/99 
PT|SEQ| CIRCUIT | ITEM | DESCRIPTION | QTY | UM | MATL 
RV|NO | DESIGNATION | NUMBER | | PER | |CODE 
renner inmcsenncaien ane ae te 
A/025] |59260 | LABEL, CABLE, 3.75X1.00 | 1.000jEA/A4NC 
to lean [Pe oteeeemaeeseeae Spry iniaiaieenal bupepueningaicinistaiizidsiateientenetatanaeal iareoeriasoeed heed meron 
n 1026] |06147 | TIEWRAP,3 1/2" LG | 28.000|EA|A4NC 
| | | 


| | 
TITLE: |USED ON PROJ ENG DATE | 
CBL,ASY MOTHER BOARD | 2150/60 | 
se can ee ie cia et Gc cei ss as Se | 
ITEM NO |REV |SHEET # MFG ENG DATE | 


49302 | K | 2 0F2 


5.3.1 Motherboard Cable Assembly (P/N 49302) 


a Arar: 
CRT VIDEO —~= TT Bix 4 
GND —&  wrewit>? 730! 
FS [TF Fwrreo $2 
RS ce _—__| | Bix 6 ioe 
| -—————_ {| BB 25 tae 
+ISV —e a, 8 48642 
> WHT, 
PMI 305 
Se 
zs Ces! BACK PANEL 
_f_T_wivic 
TO ot TT 16 52 F801 BRIGHTNESS 
MOTHER ! = 23 CONTROL 
ROARD 49304 
54569 ___(-}__BEB_y | 
[ae 3203 
METRIC 
All Dims in mm (> _W/BRN 
SR SENSE es 
+5V SENSE anne on a ee 
es eo, Se A aE se 
t12R Te —— sans SUBPLY 
+8V pat 8S 5204] Be! 
BY |_| GaN. 2 45488 
tar T._| 2) ee 
LINE SYNC ee cr Ty 
SR Ee Sen 
ae Ss OS 
+SV 2 {|_| RED S813 
4.3 
114.3 889 889 —————_eja______ gas 
=e F 
WHT 
=a J20l Z 
es || oa Me 
ZF >} abs DEE cope ope | 
~ VJs} a oS A; Ol Yi yiz io RED 3203} |< 
S| 31 3) c\ ala ty Al al % 


12.10 TYP 1G PLCS 
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Figure 5-4. Motherboard Cable Assembly (Part No. 49302) 
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5.4 ANALOG CIRCUIT ASSEMBLY (P/N 53675) 


a oat Ss, 
Zi 5072160 


6/08/92 


DATA DATE 12/12/99 


| | CODE 


I3R11B RUN DATE 
SINGLE LEVEL BOM (SLBRPT.DMC) 
pT/SEQ| | CIRCUIT. | iaEN | bEScaaeaaON ore 
RV|NO | DESIGNATION | NUMBER | | PER 
ol SS ae (oe eee as 
“aloozjul,uia. 53931 -|zEWKAR, OP ANP HACSIea | a 
coo] + ‘mos Gea RE oO ee — 
a023.68 Gk | «(leben ee ee —* 
“"|908|u4,10,20° °° 120743 |cosymos,cD4052AE A-CHANE| 3. 
“looslu7 129544 |LINEAR,LM31IN VOLT com? | 1. 
"\o07|u11,13—~CS<S<7TS~ST was wean 6 CC ~~ 
ploosjul2 a i ncnnn aa oe 
“loins! CC 143077 |RES, 10K, @RES/16PIN,DIP| 1. 
a |oiojua,17—CS ses2——s sae apveaign Bae ms 
“loi imeae 120614 |rTL,7475N QUAD LATCH | a 
iain. |47328  |RES, 22K, SRES/10PIN,SIP| 1. 
“loi3juaa.) [20678 |TTL,7406N HEX INVERTER | 1. 
, folajuaa) 46201 |TTL,7428373 QUAD D LATCH| 1. 
usjus | SC |40841  |cMOS,CD4051AE MUTLX/DEML| 1. 
‘aloisju22.) 154174 |pac,ap7s4@ 12 nis ware 
017 | ! | | 
“loislnesues’ SC 3507. ~~ akan 00 Gacaaceen 
“jo19|233,34°~—~CS;<C ;~SCS;«S;<CS is, SS cee Ss eae 
ilozojaas 55312 |ngs, 202K, -8s,174n.can| 27000 |galaanc 
"/021|n13,48,25,30,35,42 (21740 ‘aah, 30K, 04, n tet Coes 
| | 43 | | | 
/ozains3,d8° oC PoE eye merry nt ee 
gr Pr eas ius (iuee, 207 &, S¥,Apaw cen, Laos ak lca 
oaaed (pte ademas pemcanouees | moron nnn nme nnn nanan nnn | Homann n- | == | === 
0: as ace —— | 
‘KA,HF ANALOG |2150,2160 |G.LAWRENCE 8/16/84 | 
ITEM NO REV [SHEET °C i‘“wcne ~~ — 
13675 |AE | 1 OF6 |F. BROWN 7/08/86 | 


I3R11B RUN DATE 6/08/92 


SINGLE LEVEL BOM (SLBRPT.DMC) DATA DATE 12/12/99 
PT/SEQ] ‘CIRCUIT. ——~‘| ~I7EM | DESCRIFTION. | gn Van uaa 
RV|NO | DESIGNATION | NUMBER | | PER | |CODE 
aa Pry) res COT anes rr enerrere rm meer ped 
‘1025123 |26836 ~~ |RES, 820, 108, 4w,cEN| 12000 (aa laane 
“ajoze|Ra 53593. |RES, 47, 10%, iw,cEN| 17000 /salaawe 
sla71a7 °¢63~SC 55845. |RES, 18, 58, aw,cawl 120001galaane 
‘alozsina ms 6 Ci, ek Seer 
Clozing9. 53952 |RES, 10 OHM QB .0088 | 1 7000|zaleanc 
cjozojnlo. 53954 |RES, 90. s/=-0084 5 GB. | 1 70001za|eanc 
Cjo3ljni2. ws \me, on ea mene er 
Tver ae 21772 |RES, 2M, 13s178w mEa| 4 0001za(Aaze 
“loaajnis. 63599 |por, 800K, uztion|~ 12000 aa laanc 
“losainl?. 13976 |RES, 15M, 58,174w,cBN| 17000 |zalaane 
1035) : | | yo 
"|036|R32,51,60-63,R49/13924 |RES, 202 Ky Sasi7aw,can| 77000 |ealadoc 
037 | : ! ! i 
“jo3ajn2S 02483 ‘lags, 32 K, 1eacdvaw,can| oop (ex |aane 
“j039|R52.S |13915 (RES, 470, S¥,1/4w,CEN| 1,000 |BAlAaDe 
“jo40|na5,46—O 46204 |por,10. K ONM 152 rp | 22000 |za mane 
Dio4ijnll.SSSSSS 53956 |RES, 900 OaNe/=.0088 SoB| 12000|za|sane 
042 | | : ! _ 
ajo43|R26O ETC ane PEP Rr emer pen sen lamers feed paren 
"j044|R5,6,41. 13945 |RES, 100K, St,1/4u,caN| 3,000 (za laape 
“aC 13909 (RES, 150, 5¥,i7aw,canl 12000 (za lagoc 
sloacingo’” CCS 55239  |nes, 2, 54,174w,cpu| 1.006 |aalaavc 
“joa7jn27.—~C*~C<CS;7XT;~«S |21730 (RES, 1K, 18,1/8W,MET| 1.000|BAlAgec 
“= mde teu gee te | 
“KA,HF ANALOG |2150,2160 |G.LAWRENCE 8/16/84 | 
“un ini: CO “a — 


| 
53675 |AE | 2 0F6 |F. BROWN 7/08/86 | 
-==-------- | ---= | ------ == ----- +22 == | ----------- === 2 | 


I3R11B RUN DATE 6/08/92 


SINGLE LEVEL BOM (SLBRPT.DMC) DATA DATE 12/12/99 
PT|SEQ| CIRCUIT | ‘ITEM | DESCRIPTION. | gry )gm]MATL 
wine | DESIGNATION | NUMBER | | PER | |CODE 
isis inet | aeaade] Gn Sin acca | Honan rn ran | ceo rc nn ncn canna annnnnn= | -------- |--|---- 
- yaalnaa 21737 |RES, 4.99K, Ausi/en,NED| 12000 |zalaanc 
“1049|n56,57. 13895 Poon Ramer ar pre agers ny re 
\os0jn3lS 21762 |RES, 9.53K, 18)1/8W,NET| 17000 ga laavc 
“\051|R37-R39 SO 113887 ac? . cia ae 
“Gjos2icao,4l. 78032 |cap,DIsc,.01uF, Sov} 22000 /aalaapc 
B/053|c1,3,5,6,21)12,13 |51268 |caP,DIsc, viur, Sov 227000 [ga |aaxc 
| {15,16,22,24-28,30, | | | | | 
| |31,34,35,36,43,56 | | | ; | 
alos4;. 46728 |ADu/wualaurs, womocuay wax| Zoot [aa aewe 
aloss|cs2,53°°° 54697 |caw,.00220F,100vne Fizm | 2000|zalaanc 
"plos6jcé2. /43856 |CAP/10. MF 20V 108 RAD | 1.000|zalaanc 
ajo57|¢50,51——OSO Cras PORE cercone soa meee yr 
“AjOs8/C63=SS*~*~«wSBLGT~~«*CAB,15PF 100 58 CeRyN | 17000 /anlaavc 
"|059 645 — oo ee 01941 |cap,Euec,  aaur, asv| 1 2000|zalaenc 
'%e0|ca,20 120242 _|carypaec, _33¢F, S00v| 2.000 zA|aasc 
cjoelje46,47.—SO 143792 |CAP,6.8 MF 35V 208 RAD | 2.000 /EA|AaNG 
“ak (02127 JeapsDI8c,  8.2FF/1000N] 22000 |zalaazc 
“joe3jq7), 118760 |CAP,PREC,  100PF, 500V| 1.000 /EA|AdSc 
‘lesiicsoitas CC |29297  |CAP,PREC,  220PF, 500V|3.000|EAlaaec 
“loesici1.i9° °° «=~ CC |44711  |CAP.PREC, 510PF, 160V|2.000|BAlaas¢ 
;j066|c2, cs9.S |29605  |CAP,PREC,  47PF, 500V| 2000 |EALAaNG 
“loe7|césu6a SS 112115. |CAP,DISC, .02UF, 100V| 4.000 EA|aapc 
joesjas | ~CSCCOtCt*tCStS 112399 |CAP;PREC, .0022UF, 100V| 1.000|EA|Aanc 
joegjcl7, 66963. [oar 0.022 mr 200V 58 Max! _1.000/zn| Aan 
---| KK KK Mn an a ce ce ee mem eam ee | ee ee ce a eam ee a eee ee | ee ee ee ee ee a ee ee ee ne ew eee | eee eee ee | —— | 
“ITLEX wo0 aoa DATE. | | 
‘KA,HF ANALOG |2150,2160 |G.LAWRENCE 8/16/84 | 
ITEM NO. [REV |saseT | MEG ENG a 


3675 |AE | 3 OFG6 iF. BROWN 7/08/86 |. 
~--------- | ---= | ooo naan nnn n= = 2 nnn = | == === 82 === | 


I3R11B | | RUN DATE 6/08/92 


SINGLE LEVEL BOM (SLBRPT.DMC) DATA DATE 12/12/99 
PT/SEQ/ CIRCUIT. ——~| ‘I7EM | DESCRIPTION) gay GNIRATL 
RV|NO | DESIGNATION | NUMBER | | PER | |CODE 
“jo70je57), 29606 |capsPaEc,  180BF) S00¥| 1 20b0| ea (aa 
‘alov1|es4,58 °° ~—C 54694 |caP,Pagc, .00870¥, ioov| 22060 |salwanc 
“Trev ER ae 45645 |caR,PREC, -470UF, 100v| 42000 {zalaanc 
[073] | : : : | 
“lovajese. [01920 |eaP,DI8¢,  S00rF,1000v| 17000 (ea laapc 
‘alo75|¢60,61.— 54695 |cAB,PREC, .470UF, 63v| 27000 [zal mane 
076 | ! | | | 
Alo77|cR22..—~—~—OSOO kk; ee eee ee dare epee 
“l0781081,2,5-7,9.10 °° 113654 fomanperngr rrr gare garage oi pe Peron 
1079 | | : | | | 
B|080|cR12,13,16219,24,  lia386 SIGNAL, 1N914A, 78v| 147000 [za |Aaxe 
| |25,30-35 | | | | | 
“losljcr36-39.—~SCOSCOCOS 45856 |RECTIFIER/1N4937,  600v| 42000 [za lage 
~}082|c37,38 ~~ 129299. acon eae romero mage reer pe Cees 
“\os3jcnka3.—~C*~C<CS<CS<;7X; 142632 Masta, s deae cee tee 
“losalenz6,a7,—CO 29033 |ZENER, -1N5385, iv] -22000|za [Rabe 
x|085|Kl,4,6... |53599  |RELAY,FORN 1A 5v SIP | 30000{zalaape 
cj086|K2,5.. as ' ani ae a PS eon lEk Aine 
joa7iK3.—SO mt Mao eerie 
pjossjtl. SSS 46480 |xvOamuR, PER Dwa 2100730 | 1 -00b|aalaanc 
joa} SSS _ | ae 
> | cam | panna an nnn-----+---- [asSeeaeo< [mannan nanan nanan nn | -~=--<-7 [--|---- 
1090] | | | | | 
iasa 52073 |PINsTEST POINT TERMINAL | 82000 |A|Aanc 
“joo2; a  iaueeaea merece Pree 
cae Geeeenneecamananma Goneecsaar Jaen eterna nanan nan nana iaaeuaas t fou auer 
tLe: ae wi 6¢6Ce ee | 
KA,HF ANALOG |2150,2160 |G. LAWRENCE 8/16/84 | 
wnt ais. CCC “=a — 


| 
53675 IAE | 4 OF 6 \F. BROWN 7/08/86 | 
naanan anna | ---= | ------------------- | -----------------2---- | 


I3R11B RUN DATE 6/08/92 


SINGLE LEVEL BOM (SLBRPT.DMC) DATA DATE 12/12/99 
PT(SEQ| (CIRCUIT | ITEM) DESCRIPTION | gay }GMINATL 
RV|[NO | DESIGNATION | NUMBER | | PER | |CODE 
— te —a.¢6« Uh rg bbb lea nee 
ry | 22410 |socamr,ie 8 Pin Diz |~5 7000 |ealaaxe 
a |095} Maki leuke,i0 bin Bry 00 Gent Aes cana 
096}. a ian one aay pe epee 
“|os7,, OO 41820 |coax,anc aacnvaion cur |” 47000|zalaaze 
jos} aiess  (coutuauivin,Fadacmaan | "Looe ex lee 
}099). was) | AORSUAR 4 Cou 4c REL | 9 Baek ae 
“ji00]. at0na  |cown,avovipsaackcainy | '¢oaoa aa ane 
“gjlol|. [01170 |CAP,BINDNG FOS? W/INSERT| 27000 |ZA|HaNB 
“ji02} 45966 |camnzen,Fose gag nay |” 3 7000|zA| nase 
nT | isos Se ck ee meen os rrr 
aust = ‘066 (ou wou Ube Sec BE DUAL Aceh ek a 
“3]105). 'oeaz3 |waun,supx ~~ goxeaxas|~~ 2-000 |za| mann 
Fji06|. aa ane mae 
OW]. a aaa meres ma ere 
Gjios}. [03247 |LUG,SWNG 44x111 o3sGP | 17000 |sa|Hanc 
:j109]). ‘iit (nue emmencnen sac cabal Tek lanai 
“lie| |S tts. tama en We GAGES Gea ek ele 
ajill|. [53560 |ABSY,WSRABTA,BRASS/1.725| 2-000 |za|nane 
“yiiap waa )°6©«C ee meer Pr pee 
jllgy 03629 |scR,4-40 x 1250 Pap Ssr|22000|zalaavc 
i“ 0) ChT eee 05521 _|ecR,4-40 X 1.000 PaP Bez| 2-000|zAaavc 
“ylis; a uauere eran errr 
16). “ms tmusean eer Pl Pree 
“IqLE: USED ON jfk EG DATE. | ) 
KA,HF ANALOG |2150,2160 |G.LAWRENCE 8/16/84 | 
ITEM NO. {REV [SHEET CCC arc ENG —_— 


3675 |AE | 5 OFG6 |F. BROWN 7/08/86 | 


13R11B RUN DATE 6/08/92 


SINGLE LEVEL BOM (SLBRPT.DMC) DATA DATE 12/12/99 
PT | SEQ| CIRCUIT | ITEM | DESCRIPTION | QTy | UM | MATL 
RV|NO | DESIGNATION | NUMBER | | PER | |CODE 
ira Balenene | inal iris ee ieee eet | es hennho : aaa a : nee ee aay 

}117| 107479 |LUG,SOLDER 38D CTP | 4.000]/EA|A4Nc 
a ec aa a lac bopuaermiaas (apace eet otaeetE enh isaeEaEe [ peseeee = | =o ec 

118] 144126 |BAG,SHIELD,CUSTOM 18X24"{| 1.000/EA/A5SC 
A oe | Moe SSeS Se (eer (Re Eee ecacedotaina ces) Goa ees 
Aj119|Q1-92 155067 |XSTR, ASSEY |  2.000/BA|HA4NC 
SS a> Sree hea [eee Rs Ia eGR Cente mama [eae | |---- 

}120| 162937 | LACQUER, ENAMEL RED 650 | 001/QT/A5SC 
[ea | See S Saas ase ae [Seae anes ‘Gaen crien center aint aiaees a alee [Passa ba === 
B/ 121) 153900 | LTITE,BLACK MAX CYAN 380] 001|/EA/ASSC 
| ae See ea oepeeceneeeenaeies | PSS ee ee i ee | poten |--|---- 
ea a ea a dw aga vance aed | aah ade aa tee ee eg Wg eaa a Sa A l 
TITLE: USED ON |PROJ ENG DATE 


CKA,HF ANALOG 


|SHEET # |MFG ENG DATE 
53675 JAE | 6 OF 6 |F. BROWN 7/08/86 | 
| , | 


2150,2160 |G.LAWRENCE 8/16/84 


HI Hi LO 
DRIVE SENSE SENSE 


8.2K 5 
/2W UI3 10 K 
TLO74 | S 
R2 ,UIS 10K, 
2.2K AA— 
/2W 
2UIS 15 
10K 
R3 K2 C39 
820 GB822A S10pF T2-6 
IW iJ 
R41 100% 
3 U15 10K 
R4 4 } 
47 
iW 
A 
86 
{ 5V 
1 
24 c22,c21, _ 
C45 1036643,c56 83 
J f 
3| 2} l A 
4 OUT 2 ts tt 67 (FS) 
! 2 eid a4 SS aca 
bs 
ae uts C:) 
$8: -047 ps3 pog U2 70 (F3) 
f OBS —>72 (F5) 
CSe 4S 
MSB 
OO022uF or 
ANALOG 100 Ceo 1 cepodeewt 5 REF 
GNO 1213 
or) C26 
4747 ! V 
97 390pF 5 1OK 1% * 82 SIGNAL 
ows © a OVERLOAD 
55 <—O————On2v 5} 2] 4) if 12t if 15) 14 
56 <0 90-12 V 
mer He ps 
i POLARITY INSI¢ “TO-! 
| 
t 
| TP-5 
| 
| 
4Q 30 20 10 
i ae rte IQ 20 3Q 40 
30! U24 74LS373 UIs 
f LIBEN OUT 7475 
8D7D 6D5D4D 3D 2D 1D ID 2D 3D 40 
q A 
! Pm 
84 
8 
10 ¢ 
28 
\4¢ 
? 
9} 
iT | 
13! 
62s 
63 
64 ‘ 
61 
i 
NOTES; UNLESS OTHERWISE SPECIFIED: 
1. ALL RESISTOR VALUES ARE IN OHMS, 1/4 W, 10%. 
2. ALL CAPACITORS ARE IN uF , UNLISTED VALUES ARE o4 ZF. Figure 5-5. Analog Circuit Assembly (P/N 53675) 


3. ALL DIODES ARE IN4005., 


[a FR COMPONENTS NOTED ARE MOUNTED ON THE REAR PANEL. 
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Figure 5-5. Analog Circuit Assembly (P/N 53675) (cont) 
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Dato DIGITAL CIRCUIT ASSEMBLY (P/N 53522) 
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Figure 5-6. Digital Circuit Assembly (P/N 53522) 
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I3R11B RUN DATE 6/08/92 
sINGLE LEVEL BOM (SLBRPT.DMC) DATA DATE 12/12/99 
PT|SEQ|_ CIRCUIT. | ITEM | DESCRIPTION. | QTY /UM]MATL 
RV|NO | DESIGNATION | NUMBER | | PER | |CODE 
- ath UCT CTT OOO oa FS 600 ex pane 
“cjoozjul. 161897 [OKA, A/D SWITCH MODULE "4.000 /HAl sane 
003 | ! ! ! | 
a P77 (oe a 43077 |ame, 08, Guapsievin.oss| 2.000 | aalnane 
“joosjua 120678 |grL,7406N HEX INVERTER | 1.000|ZA\Aawc 
“joos|us. /40849  |LINEAR,LM339N QUAD Comp | 1.000\EA\Aanc 
“lo07|06 26225 |grL,7474N D FLIP FLOP | 12000|BA|A4NG 
“jo08ju7,11 120600 |aTL,7400N 2-INPUT NAND | 2.000|BA\AaNG 
“jo0a|u8. 20604 |erz,7420N 4-INPUT WAND | 12000|BA|aAaNc 
~<“ine. °¢CC |45654  |LINBAR;MCL404 VOLT REF T|1.000|EA/AaNc 
“ua, ~)~|CC 120695 |TTL,7404N HEX INVERTER | 1.000|ZA|Aanc 
s \ou2ju3 1) °°. © 44a64 -‘(oAG,GAC-O8 BEAEES Sure |” 1.000 | SA Adee 
jou3jula. 606 ©€8Clocmma°~C ns 58) ek 
"|014|u3 7 cas ae 6=| Ulloa: CCC meer otiver 
15|018,16,19,a2-a5,30, |4sea7  |wanvauei63, couwsan | 9 00e| za nance 
| | 31 | | 
‘ploieiul?. | 153959 |zC,PROGRAMNED PROM DGTL | 1.000|EA\nanc 
jol7juie. /45656  |TtL,74L8139N DECODER | 1.000|#a\Aanc 
“loisju20 |S 20808  \eel, 7410N ScAMOO? WAND | 1000 Ral RANG 
 jo19|u21,28.°°~~ CO /45262  |XCEIVER,DP@304BN 8BIT BI] 2.000|BA\A4NC 
aati °C j4a804 |1C,74AL8521.8-BI7 EgL £o| 12000|zA\Aanc 
“aint CC 145650 |INTACE,6255A PROGRAMBLE | 1.000|EA|Aanc 
joaajuaa |S 49165 ©~©~=«ddnc8283 TIMER DIE ener 
“jaiao | CC /13927 |RES, 4.7 Re 5&,174w.CBN| 1.000|Zalaapc 
om ---| me ce me ce fe ce ee ee |e ee ee eee ee ee | oe | CL |---- 
TITLE: USED ON |PROJ ENG DATE |. | 
"KA,H.F. DIGITAL 2150,2160 |D.M 4/30/84 | 
an w=: wae! AT 
33522 | H | 1 OF 3 |F. BROWN 7/08/86 |. 


I3R11B RUN DATE 6/08/92 
SINGLE LEVEL BOM (SLBRPT.DMC) DATA DATE 12/12/99 
PT/SEQ) CIRCUIT. | ITEM | DESCRIPTION «| OEY |UN| MATE 
RV|NO | DESIGNATION | NUMBER | | PER | |CODE 
(ua “a ae: CC merece 
<i. e093 |nes, 280 x, 218,1/0w,mET| 12000|zalaanc 
i=—<_ (66892  |RES, 1M, .18,174W,MET| 1.000|BA|A4DC 
"jo27/Ré6,8,19 |13933. |RES, 10K, 58,1/4W,CBN| 5.000/EALA4DC 
““jo28|R9.SS [21740 |RES, 10K, 1%,1/8W,MET| 12000(EA\a4De 
““jozsinl0. (21724 |RES, 249, 18,1/8W,MET| 12000 BA\AaFC 
“\o30jR11—~C*C~C<CS;<CT *S«S; ST 113960 |RES, 1M, 5%,1/4W,CBN| 12000|BA{A‘DC 
"\31\n12-14.—~CSCS<;<XT;S 113924  {aEs, 2.2K, 58,174W,cBN| 3.060|zAlAaDC 
“uns °C 113939 |RES, 33 K, 5%,1/4W,CBN| 10000|EA\A4DC 
Be Pr) Ore y eames 113945 |RES, 100 K, 5¥,174W,CBN| 2.000|BA|AaDG 
“l034{nl7),— 3046 faa, =, SGA anvcan| 100d lea lacoe 
"R/035|C4,5,7,10-13,15)17, [54326 |caPsDISC,  01uF) Sov! 132000 |ea (nape 
| 119,25,26,28 | | | 

77 es 47061 |car,punc, .0ed0F, 2800) 1.000 |EAlAanc 
“we °° = /12241 \caP;pisc,  400BF,1000¥|1.000|ZAl\aa. 
; joxsjaa. 43133  |car-biec,  10PF,1000v| 1.0d0|ua\aarc 
“lo391c8,9,27—~C*“‘C;~CS;! isa” lene, Saws, GEL one wal ade 
jcc. °° |12356 |SIGNAL, 1N914A, -78¥|22000|EA\aA4xc 
‘al: 123997. |BUSS,BAR 2 COND 1.0X8.4 | 2.000|EA\AANC 
ia °~C~S<S7S; 2093 (SEM. Sues SOLED Eekecma | 7.000 (ealAaee 
‘was 113926  |RES, 3.3 K, 58,174w,caN| 1.000|EA\AéDc 
“lal 3s boMcis marries 
“| a6 hae mereTrierees: 
“lo46) aes::*«éC EY GG Sok mares 
mace sausemmunnsnnent chucittiaitdade Glee 
TITLE: |USED ON |PROJ ENG DATE : 

CKA,H.F. DIGITAL |2150,2160 |D.M 4/30/84 | 

—a waite”: "ee — | 

53522 | H | 2 OF3 |F. BROWN 7/08/86 : 


I3R11B 
SINGLE LEVEL BOM (SLBRPT.DMC) 
PT|SEQ| CIRCUIT | ITEM 
RV|NO | DESIGNATION | NUMBER 
oa) i492 
in. iua 
“joao} '22410 
Toso] reo 
E/051|.. ‘45951 
“ae ‘03598 
053; 103575 
“losay). 06196 
j05s| a 
10561 i rs | oe 
"B[OS7|E1. 32787 
alosejc2a. 156204. 
TITLE: ean a 
KA,H.F. DIGITAL |2150,2160 
[TEM NO |REV [SHEET F | 
3522 | H | 3 O0F3 


---------- | ---- | ------------------- | 


RUN DATE 6/08/92 

DATA DATE 12/12/99 
DESCRIPTION QTY | UM | MATL 
PER | |CODE 


1.000|EA/A4NC 


ee ee ee ee ee ee | | siete | en 
CAP,180PF 100V 5% CER/M 1.000|/EA/A4PC 


wana naan nnn nnn |-------- |--|---- 


| 
|PROJ ENG DATE | 
ID.M 4/30/84 | 
|MFG ENG DATE 
|F. BROWN 7/08/86 | 
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; | 
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QD | NOTE UOS; 
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{ I S% 
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Be 


LSB DO 13 BO 
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! -8V Figure 5-6. Digital Circuit Assembly 


SIG OVERLOAD 82 SG OVERLOAD 


(P/N 53522) (cont) 


5 = 23 
2150/2160 


5.6 CRT SUBASSEMBLY (P/N 46095) 


5-24 
2150/2160 


I3R11B 


SINGLE LEVEL BOM (SLBRPT.DMC) 


RV|NO | 


CIRCUIT 


DESIGNATION 
--|---| Se ee ee 


ITEM 


‘== =n ———— LL SS KS ES OS eS eS ee ee mee ome Ge ee eae — = oe a oe cam we eee ee ae 


<a —- me ames —— SS LS SS VS ee Gee Ge Gee eee eee eee eo eee ee — ae ae ow eee a= eee oem ae aoe 


|USED ON 
| 2150/60 


| 


| 
|PROJ ENG 


|SPRING, SWT HANDLE 


SCR,6-32 X .375 PHP SST 
iceoda & Sis bee Gee” 
LOCTITE,242, 134 oz 
‘ace. 4-ad & LUMA Se ce 
aos = ae ee 


DATE 
B. PERTULA 11/30/82 
MFG ENG DATE 
F. BROWN 8/16/84 


RUN DATE 6/08/92 

DATA DATE 12/12/99 
QTY | UM| MATL 
PER | 


I3R11B RUN DATE 6/08/92 


SINGLE LEVEL BOM (SLBRPT.DMC) DATA DATE 12/12/99 
PT|SEQ| CIRCUIT | ITEM | DESCRIPTION | QTY | UM |MATL 
RV|NO | DESIGNATION | NUMBER | PER | |CODE 
ite Peasmeselinarociasanontte fasaceionreses Eeceenanneeonnrmrnrene ERIE pat i 
(025 ] |03579 |WASHER,LOCK,#6 INT 17.000|EA/A4PC 


. <== 
=~ a ce ew =e a awe oe == a= ap a a= as 


|026| [03577 |WSR,INT # 4 2.000|/EA|A4P 


| 
| 
| 
| 
| 
| | | | | | 
1027] [05895 |LUG,SLDR N6 INT |  2.000}/EA/A4NC 
[| ee re eae me a ec a ce tf mi sh: mee fo is emit dss a opted ee ss le ees ene | i iii i ai A. ss |---— 
1 1028] 147106 |SPR,2.500 X .188 X .018 | 1.000/EA/A4PC 
Se ae se eam nee mec pris | sc isp] ess mses en i nies ea ee | ae ee |---- 
| 029 | | 28969 |TAPE,FOAM ADH BLK 18X37 | 1 417|FT|A4NC 
| Sf SS Semi ee em ae se Se a | pe if mee eke: | eben csc sain co cosa leon kre ec | wn he ores te tt eine onsen |) aoe |---- 
1030] | 06166 |WIRE,#18 STR BLK TEFL | 500|FT|A4NC 
ee ee em se ese me Sa a sm | mes] cen ms aes ib en ee vt etn net ps eos sts mes ere es | ine: wnt si, | Sone | --—— 
1031 | 151276 |CONN, TAP 16-22 AWG W/SPL| 1.000/EA|A4SC 
Boe | monte nnn | ne | een meee |---=---=|--|---- 
A|032| [67613 |BUTTON, PUSH PWR SWT | 1.000]}BA/A4sc 
a [oon | panna nanan -- | === | ----~~--~--------------- |---=----|-- |---- 
1033] 103575 |WSR,INT # 2 |  2.000|BAIA4PC 
-|--- aaa de eee ep pl 
ee ee eR ee a a fe a in | ah om hl aos moe hm tint gaint avn ech ec nee eds | 


2150/60 |B. PERTULA 11/30/82 


| | 

PITLE: |USED ON |PROJ ENG DATE | 
| | 
| 


7 |REV |SHEET # |MFG ENG DATE 
16095 | R | 2 0F2 |F. BROWN 8/16/84 | 
-a=------- | Hoon | onan nnna nanan = | --------- == 8+ | 


5.6.1 Video Circuit Assembly (P/N 48642) 


p25 
2150/2160 


I3R11B 
SINGLE LEVEL BOM (SLBRPT.DMC) 
PT|SEQ| ‘CIRCUIT | ITEM.) DgeaReangg 
RV|NO | DESIGNATION | NUMBER 
— ocr ees rrr 
“pjool|] 43641 
“ee peer ere 
“looslan ‘ig8s2 
“looalea | 23299 
“loos|e3,cll. 'o7094. 
“josie | 112260 
Aloo7jcs,co. 43852 
= |o0s|cé. 45645. 
“(To orier erry aaa 46482 
“cljolojcao. 'l214a 
cities) OC aa lene ose 
‘cjolzjcié. 48532 
. |013|c17,18,19,20 asa. eae nine. sais on 
le aaa ene 
“los| en 
Nisiaitasea 112356 
‘wil ‘i24a3 
joie} a 
Nr) "er 27 170335 
“aa te 48703. 
joailta | '4g702 
“logins | 129813 
Toauleabs bas 202 |46631 
rITLE: SS ‘onen cae | 
KA,VIDEO 2150/2160 [2150/60 | 
‘TEM NO [REV [SHEET §| | 


RUN DATE 6/08/92 
DATA DATE 12/12/99 
DESCRIPTION QTY | UM|MATL 
PER | |CODE 
Se ee oe ee oe ae ee ee ee a ee ee ee | ee ee ee ee | |---- 
CAP,DISC, 100PF,1000V 1.000/EA|A4PC 
| 


6.000|EA/A4xc 


CAP,22. MF 15vV 10% AX 

CAP/PREC,  390PF) S0ov| 

CAP,PREC, -OO1UF, 500V| 

CAP,PREC, O1UF, 100V| 

|CAP,DISC, 1-0UF, Sov, 

cay wae, Caee, tenet ea pipers 
jcaP,ELEc, -a7ur) s0v| 1000 Bid pore 
POET SET COMET TS larger Pe nine 
| CAP, PREC, 022UF, 200Vv| 

|CAP,PREC, 10UF, 35v] 

|CAP,DISC, -O1UF,2500Vv| 

SIGNAL, 1N914A, -75¥ 

ZENER, 1N4736, 6 .8¥ 


|CRMP,8 PIN MLE PCB MTG 


1.000|EA/A4PC 
| 


3.000/EA|A4NC 


PROJ ENG DATE 
! 

|MFG ENG DATE 

DALE LOCKH 1/02/82 | 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
oo Se [ane nee reer pista eden urea cin aaron as | 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


RUN DATE 6/08/92 
DATA DATE 12/12/99 
| DESCRIPTION QTY | UM | MATL 
| PER | |CODE 
| ee ee ee ee ee ee ee ee ee eee ee ee ewes | eee eee ee eee | ee | 
\CONN,HEADER, 4?IN, 1186 | 10000 |za|aapc 
\CONN, HEADER, SPIN, 1100 | 12000 zAlAare 
! = 
IxstR, 2w390@ ~~ *«(| 300 (za laa 
‘<acR, anag0E aay Py ey eriee 
Peneggugennp een era e | ere 
EeCRTRDESO Bute FES "5 hen wal aan 
! | 
|TRIMPOT,220. OHM 3/47 | 12000|8alaase 
cas Coe ae "2,000 Ba esc 
|TRINFOT)1. NORM 3742 | 10000|za laasc 
‘ma: 48, Shien cen) odo ealaaee 
es, 10 &, acces Lon ian laa 
[RES, 10 K, 5%,1/4W,CBN| 7,000|EA{Aaz 
[RES, 27 K, 5,174W,CEN| 10000|EA\aape 
|RES, 100, 5&,1/4W,CBN| 2.000\BA\AaDC 
|RES, 100 K, 5%,1/4W,CBN| 4 hae | aa taene 
[RES, 220 Ky 5%,1/4W,CBN| 1.000 |/EA\AaDC 
|RES, 1M, 1%,1/8W,MET| 1 G00 ex Aape 
|RES, 1K, 5%,1/4W,CBN| 1 an Pr epee 
|RES, 3.3 K, 5%,1/4W,CBN| 2 hae (ea ladde 
|RES,49.9 K, 1%,1/8W,MET| 3. ie ea laane 
|RES, 1 , 10%,1/2W,CBN| 3 myn md pees 
eames le acesou 
PROJ ENG ane ——— | 
ua DATE | 
DALE LOCKH 1/02/82 |. 


I3R11B 
SINGLE LEVEL BOM (SLBRPT.DMC) 
PT|SEQ| CIRCUIT | ITEM 
RV|NO | DESIGNATION | NUMBER 
aa Ginn Ge seee meee saan aaa 
a |024|7303—SOO 46629 
"gj025|P305—~SC~CS<S ;«7S;«7SCS<ST ‘46aa7 
\o26| re 
5 (027/01,93,08. ia7s1 
‘ink: 18754 |xsta, 2n3906°—CSCS 
\ 1029/06 | 49062 
jos0la7 “7a5—~—t—«‘dASRL a 
“jouly arn 
san °° ° ° °° ane 
 |033|n16,217—~CS=<“<CS 48724. 
uM 48737 
\o35|R2—O 113902. 
“1036|R3. 113929 

037 |Ré 7,8,9,10,18,28 {13933 

038 (RE |13938 

039 (Re R21 |13907 

'040|R11,27 30,31 }13945 

041 |n12 [13949 

042 {R13 | 18236 

043 |R14 | 13920 

1044 {Ris 19 | 13926 
~\045|n20, 25,26 | 21747 

"1046 (R22, 24,29 [12448 
"1: lump on | 
CKA,VIDEO 2150/2160 }.2150/60 =| 
ITeN NO |REV [SHEET | : 
48642 | N | 2 OF 3 | 


I3R11B RUN DATE 6/08/92 


SINGLE LEVEL BOM (SLBRPT.DMC) DATA DATE 12/12/99 
PT|SEQ| CIRCUIT. | ITEM | DESCRIPTION | gry |UM|MATL 
RV|NO | DESIGNATION | NUMBER | | PER | | CODE 
;, vas °C ask «ae, 9. LOG Laween, 1.808 en ladoe 
048 | | | : _ 
yaa |°°¢6~S COCO ma 6 6h "a aoalen neue 
050 | | : | _ 
A josijul SS ‘ais 6~S«Cloe,cAuitcg laeererrrs Ped beer 
“lts2\02.8 °° €© © CC 46479  |amp,3c PWR OP AMP 789° | 22000 |zalaasc 
\os3jua. 6 «6 Lhe mereerrt it bree 
josa) osees  |wupana,ua0 Sizcn on | fab pe adn 
}oss}) ga4i0.~—SwOcKNR, 30 8 bi DIL | cdo fea nae 
> lose; ma Maa Ps cebluklaine 
“Djos7|. isx00 ‘(Ok REG SOLS GR | Lao lten nine 
ca nov) ~~ (SMBEMT. BERRY EDGR B-a2 |” DOG | eal nance 
Vjoss). 49398  |sporr,.i87 suap Locx | 4.000 |naladac 
1060]. Core Po ee es mergers Pn Peer 
ia| CCT Cee eee ers eererryy mee 
\oe2]) COCO Sree anes meray es ree 
“loe3} 41937 |WSER,SHDL RGLTR MTG | -1.s000|ealaanc 
1064, 4ias6 «IewSETA,RO-330 SxCTAEGTER| Lonalea kane 
los; | ©6363 wai nuk ee i00 | PS aaDe 
7) a n° «Cl A 5 Ob eal Adec 
of ne Sap ee eRe [peaeeaeees [Pate R ea ser aa eeeceieneiee poseeren ee [nae 
“= 0¢~«S;3S ttt aa “aa “= st } 
CKA,VIDEO 2150/2160 1 2150/60 | | 
us Sikes CC Kx“ ME 
| 


| 
48642 | N | 3 OF 3 |DALE LOCKH 1/02/82 
| | 


EXTERNAL COMPONENTS 
REF ONLY 
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HSV ———— 


Mak < >> (VERT Deive) 
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ae Vee RIO lOKS 3 . BLK 
RB ig RETPACE RN OOK. Pt eed Jf | 
Ov |. OK. D (BLANKING MTG ON BK PNL | 
wl 1b.2mS be R9 10KN 6 Qo : REF - <> 4 | aes 
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Q5 Ss RI2Z 220KN ah o0eF 
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| IM IN94 R20 49.9K2 1% 
| 1% VERT. 
| Seton! 
| CH .Ol.F RIG RID B3BKR 
| 
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CR3 | VERT 
Veo IND 303 YOKE LL3a 
i IQ Wew 51 
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TAB C7 LLASENSE 
VU 4iut (ACCELERATION ) 
.GRID 
\/ 
vec R25 499K2. 1% 6900 vbu 
(PART OF TI) 
C9 | ey clete auf 
| 
U4 


Cil CRE 
4} 555 mL TNot nod a ! 
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5 HORIZ ate G (TI) © 


ClO 
Ai yeh wank me 630 
(HORIZ) +. 
osc. 


V/ 


Uo ov il 


Ll Cie (af 2 4 
<a | 
Cis -HORIZ. 
eee HORIZ | 
0022 mf LIN me HORIZ [~" L3b 
atl : WIDTH hese YOKE REF 
3 | 
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BOTTOM VIEW 
reer 


2N 3904 VNIOKM 
(Q1,03,04,Q5) (QG) 


2N 3906 
(Q2) 


/\ DANGER 


HIGH VOLTAGES ARE PRESENT. USE EXTREME CAUTION 
TO PREVENT POSSIBLE PHYSICAL INJURY ANB/OR 
ELECTRICAL SHOCK. 


 SaunALE 


ee UUM. Maa Be pat oe 
WY Seles 
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——h a Lh olesscfeseedoneelecee 


EA DiV= SV 7 2mMS 
rPsoe-7 


EADIV= SV,lOuS 
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EA Div= SV, 2rnS 
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EA DIV= SOV, 10K 
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Figure 5-7. Video Circuit Assembly (P/N 48642) 


5 - 27 
2150/2160 


5.6.2 Back Panel Subassembly (P/N 48364) 


IZ 
ZLOI0/ 2160 


I3R11B RUN DATE 6/08/92 


SINGLE LEVEL BOM (SLBRPT.DMC) DATA DATE 12/12/99 
yin CIRCUIT =| trem | ‘DESCRIPTION | gay |G RAGE 
RV|NO | DESIGNATION | NUMBER | | PER | |CODE 
ae?) ie 67613 JsurtoN, PUSH pwn sw |” i7000|zalaage 
‘yjool], aa te ee ee eerie 
‘cjoo2}.. 'a5241 |BRKT, UPPER BACK PANEL |~~17000|zalnanc 
“g/003/|.— aa. lBRRE,IMR BACK PRL 2100 "| --17000|zalwane 
Pr?) rae 45704. [raw 1i5v 80/6082 3° vox |~-"17000/za|nans 
cloos]). 24078 | FILTER) POWER LINE 3a” |-71 7000 za laanc 
}006e|. iaaaa |Swatcu,sciDE, 2-ros/prov| 1,000 za |aaez 
i— 46289. | SCREEN, FAN REWORKED 2100|--717000|zalaans 
“cjoo8}|. 46932 LER, FOAM .250 sux 2100 |” 1.000 | calaanc 
“joo9,. 50533 |ScR,4=40x.258 BRS Suz |e 000|za la axe 
“ie | ee 45869 |SCREW,10-32K1/2 TaMPRF | 727000 |zalaanc 
‘aie Ce ee a ees ee mere 
[012 | | | : | | 

“jol3]}.SOS ae? ee ee ee ee meer en pee 
0 wis”) «Ck cl. mene 
101s}. losa12 [uuG,stpR N10 Int stan |~-17000/zalaaz 
3/016]. 67614 | SWITCH, PUSHBIN,1=P0s | ~717000|galaaoa 
‘Piol7]}. i. 6 [eae merrier pe 
ajolg}. a71is CBL,BCR PNL/B Con 2100 | 17000/za|wanz 
‘Jo19]. “ae waa mere 
pjoz0j. 4s291 atic 100 & 140 & adel LG ack le 
"lou| 4e2ea IBAR,HOG FAN FILTER 2100 | 17000 {ea aang 
“jo22;. }45968 | |HLDR,FUSE BDY IEC HI PFR|~ 1.000 /Ealaaxe 
loz3]. SO }45966 _ |CARRIER,FUSE 3AG GRAY | 12000 /saladoc 
TITLE: |USED ON |PROJ ENG pare | oe , 


SSY,BACK PANEL 4190/60 /|2150/60  |A.GROSSENB 7/09/87 


| 
ITEM NO |REV |SHEET # |MFG ENG DATE 
8364 | M | 1 OF 2 |DUANE FROE 7/09/87 | 


I3R11B RUN DATE 6/08/92 


SINGLE LEVEL BOM (SLBRPT.DMC) DATA DATE 12/12/99 
PT|SEQ| CIRCUIT =——S—S=S*Y:SCSETEM | ~~~S~DESCRIPTION ~~~) Gay am] Nagi 
RV|NO | DESIGNATION | NUMBER | | PER | |CODE 
we [ros [ener nn-------------- [aaaes=--e= | noo or anna cane n- no ==----- (meee el Gon 
“aC ee 113700 FUSE, 3AG 2A 250V SLO-BL| ~~ 17000|ZA|AaNC 
jo28} 45965 |CARRIER, FUSE SX20HN BLK | 7500|za/Aapc 
“ajoze|. is2676 |PUSE;1.6A 280V ae ANTRIC|vs00|galRane 
jo27,. ‘win tn a pone ona ea cee 
jo28} a ‘lawson arr es per 
3 joz9|. 46292 |StNDOFF,.250x .235x 4240/1 70001za|manc 
a oT ries an”6 Cn ee marr rire 
ia“ een 48424 LBL, PROTECTIVE ELECT GND| 2.000| za /nane 
“los2j. [03642 |SCR,6-32 X .312 PHP SST | 1.000 |BA\Aane 
}033;). 150505 |sca,4-40 x 0.280 CS Seen 
“loaaj. }03645  |SCR,6—32 X 1625 PHP SST7| 4,000 (ZAlAarc 
joss} CCC See Perera eer ee mere Ps rere 
“joxe} }03630  |scR,4-40 x .312 PAP Ss? | 2,000|zA lade 
cjo37].)—OSOSO 59668 |KIT,WIRE BACK PNL 2100 | 1.000|za(aan 
jose) /50080  |SCR,#8 xX .250 PAN SHIMTL| 1.000|BAlAawe 
“039. [03584 |WSHR,LOCK,INT #8 | 12000/EAlAape 
“faa een ia ~~ “anid as a [4.000 en |aaec 
rITLE? —SSSC™C~C~CS<7 ]USED ON | PROJ ENG — one en | 


\SSY,BACK PANEL 2150/60 | 
“TEM NO [REV |SHEET ¢ | |MFG ENG DATE 
18364 iM | 2 0F2 [DUANE FROE 7/09/87 | 


senna nanan |---~ | oon 22 --------- === | -------=----- | 


2150/60 |A.GROSSENB 71/09/87 


5./ POWER SUPPLY MODULE ASSEMBLY (P/N 45845) 


o- 20 
SLoUs2L60 


I3R11B 


S5INGLE LEVEL BOM (SLBRPT.DMC) 


RVINO | 


CIRCUIT 
DESIGNATION 


|USED ON 
12150/60 


2) 
x 
» 
rg 
O 
= 
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|SHIELD,BTM PWR SPLY 2100 


RUN DATE 


6/08/92 


DATA DATE 12/12/99 


PER | 


| CODE 


1.000|EA|H4NC 


tan inl ihe es | si | i eid ite 
1.000|BA|H4NC 


| 
1.000|EA|H4NC 


| 
|PROJ ENG 
|C. VANWORME 


| 
DATE | 
| 


15845 


| 
| L : 


DATE 


Jetel POWSr Supply (BL) Carcust Assemoiy 


THIS INFORMATION IS FOR USE 
BY ES! QUALIFIED SERVICE 
PERSONNEL ONLY. 


= CIRCUIT COMMON; HAZARDOUS VOLTAGE. 


ALL PARTS OF THIS ASSEMBLY INCLUDING CIRCUIT COMMON 
ARE AT OR ABOVE POWER LINE VOLTAGE. AVAILABLE ENERGY 

AT ANY POINT MAY BE LIMITED ONLY BY INPUT FUSE. DO NOT 
ATTEMPT SERVICE OPERATIONS WITHOUT LINE ISOLATION FOR 
BOTH THiS ASSEMBLY AND TEST EQUIPMENT. FAILURE TO OBSERVE 
THIS PRECAUTION MAY RESULT IN SEVERE INJURY OR DEATH. 
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a aeare 
215072160 


I3R11B RUN DATE 6/08/92 


SINGLE LEVEL BOM (SLBRPT.DMC) DATA DATE 12/12/99 
PT|SEQ| CIRCUIT | ITEM | DESCRIPTION | gry |UM|MAZZ 
RV|NO | DESIGNATION | NUMBER | | PER | |CODE 
—— MSa08-  teCA PON SURPEY BL 32081” ooo eal aaae 
“pio02;. wan «Nee eee ae Mmewyrirribrer 
‘ian aa} $ umewuse. Mme 
jooajul. [22410 |SocKET/I¢ 8 PIN DIL | 1.000 /#alaaxc 
“jo0sju8 “a °° (Meer meer Pipes 
“\o06). us” Mes ia i aie 
oo7,) ian. ~~ ime ae meer sive 
cjoosj. a inane "7.806 }ma name 
“os: [03644 |scR,6-32 % 500 PHP BAT |” 22000 (za laure 
“jo1o|. (03629 |scR,4-40 x 1250 paP sav |~2,000|zalaaee 
“tar 4. 50830 (sen, 4-40 & .438 PaO BoE | 20000 |ea\kaee 
“a2; SCtCt ins 6€~€8OCULlhM ae mrrriPn rer 
ut. [03577 ~~(|WSRLINT #4 rer rere 
“jolaj. S086? ~SCO tor. mers reo 

jisjal. [01919 |CAP,DISC, .005UF/1000V; 1.000 /EA|AaPC 
“cjoléjcl2.S |12144 |CAP,DISC,  -01UF, 100V\ 1.000 |EA|AaPc 
“jor7jall. }21215  |CAP,DISC, .001UF/1000V| 1.000 /EA|A4PC 
loisjes '26203  |CAP/PREC, .0015UF, 500V| 1.000 /EA|AaSC 
.joi9je is. /46607  |CAP,DISC, .01UF, S0v|12000|EA|Aap¢ 
joz0je6 146609 |CAP,PREC,  .100UF, 600V| 1.000 EALA4NGC 
lala. ~~ |46612  |CAP,ELEC,  750UF, 200V| 2.000|EA|A4NC 
3|022/¢7,¢8,c10 |46614  |CAP,ELEC, 100U, 25v,105C| 3.000|EA Aare 
‘Gjo23\e9,c14,cl3.——S /46616  |CAP,ELEC, 100 16v, 108¢ | 3.000 |zAlAanc 
jozsjean. 's4501 |car,p1sc,  .1ur, S00v| 1 7000|zalagoc 
=! maa ha §6868—ChMe ee 
on ere Fonseca | 


15490 iy | 10F4 
| 


13R11B RUN DATE 6/08/92 


SINGLE LEVEL BOM (SLBRPT.DMC) DATA DATE 12/12/99 
pT/SEQ| CIRCUIT | ITEM | DESCRIPTION) QTY GNINANE 
RV|NO | DESIGNATION | NUMBER | | PER | |CODE 
au ee) Gisele seamen anaes aaeaeen | mannan ona nan ena nn nano lpacmamaien el aes 
“loas|cn7,cxe 91779 |RECEIFIER,INGOOS,  600¥| 2,000|ZA AaPC 
“jozéjcri2~~~*S*«~«CZSB3. (ZENER, -1NG737,. 7 08¥| 17000 /ealaape 
ploa7/cus.11.1348 °° °° iaas6stGNAL, inpida, Jev| 3,000 za laaxe 
“lozsjcrnkl SSS 42632 |VARISTOR/10 VOLT Linz? | 1000{BA lAane 
|029|CR16,CR17 | 42633 Pespeay 150 VOLT uiare| 2. O00 | malaanc 
“losojené 44027 naa yr Rammer magermres pot Pe 
iia. °° °°°- 70335 |DIODE,1000vs1-5A,300NS |" 1 7000}zalaaDe 
-Muimasie° 45856 |RECTIvIERsIN4D37,  600V| 32000 | za lagnc 
“lo3lcaaa SS |46404 BRIDGE, wWO8M,  800V|1.000|EAlAase 
FloaiklS |46494  |XFNR,TORRID 2 STAND 157 | 1.000|EA|HaNG 
“\o3s|plos. /46625  |CONN,HEADER, 2PIN, 1156 | 12000|EAlAaDe 
~|036|P102,103,104 ~~ '46627  |CONN,HEADER, 3PIN, 1156 | 3.000{zA{AaDe 
B/037/P101 + |46634  |CONN,HEADER, SPIN, 7156 | 17000{zalagnc 
“}038/95,09. 'a37i3~*«<“ eae, 6A mer rire 
~}039|07,8,10,11,12 127671 ~|x8tR, 2Na222.°°—~C~S~S* earner bere 
“loasice St‘; OD 62 sta, tee CSCC meni 
“joallgl,o2 ma6 l6lLLhe | CC ae cilee 
“joazjo3.SO 59344  (zstk, wE80s, on P'S bablan gene 
“joa3jo4 Ms ln tues aaa Pn pee 
“joaajn5. (01649 {meS, 470 K, 108,17an,ceN| 12000 |za|nape 
"|045|R6 106183 |RES, 62 , 10%,1/2W,CBN| 1,000\BA\Aape 
“josejn25.~SCS<S<S<S ; ST }13907  |RES, 100, 5%,1/4W,cBN| 1.000|EA\AaDc 
“joa7|R21. 13908 |Res, 120, Se,174w,cBN| 12000 |za lane 
7 nea! aes eSeeoneer [paaeaeaee= Randa nomena leoeeneaL [Sse 
“~~ tC maa ia wes CO | 
“KA,POWER SUPPLY Bl | 2150/60 | | 
[TEM NO. |REV [SHEET $# | “wa | 


| 
| | 

15490 | yY | 2 0F4 | |. 
| | 


I3R11B RUN DATE 6/08/92 


SINGLE LEVEL BOM (SLBRPT.DMC) DATA DATE 12/12/99 
PT|SEQ| CIRCUIT. ——~S*YYSCTTEM =| “dDESCRIPIION | gnY aml mama 
2V([NO | DESIGNATION | NUMBER | | PER | |CODE 
8\ki5,217,—COC M3911 ines, 940. BA,hpau.canl Soe leal cine 
-_|oagirz0 3914 es, 390, 58,17an,can| 17000 |ea laaoe 
“\os0|ki0,42,29 0 13915 |Res, 470, 58,1/4w,cBN| 37000 ea lagnc 
josijni@. 13919 _|RES, 820, 5%,1/4w,cenl 17000 |zalaanc 
“(osaini3,14.a8°0 j13920|RES, 1x, 58,174w,CBN| 3.000 |BalAanc 
“jos3jnl9.S 113922 |Res, 105K, 4si/4wscBN| 17000 | za laane 
losajnl6é. 13923 |RES, 1.8 K, 58,174w,CBN|12000|ZAlAdoG 
“jossjnl. 13924 |RES, 2.2 K, 84,174W/CBN| 1.000 {za lAdbe 
josejna2. 13930 |RES, 6.8K, 58,1/4W/CBN| 17000|zalAdne 
"{057|/R30,R24.O 13933 |RES, 10 Ky S4,174w,caN| -22000|za laanc 
“thie CO 15986 |RES, 150 K, 108,1/2w,can| -27000|zalaapc 
, josojna. /46495  |RES, 27, 108, 1w/cBN|1.000/aaladoc 
}oe0iR7. 46497 |WIRE,0.200 OHM 5% IW | 1.000 /zAlaanc 
“joe1|n26.—~OSO 13927 |RES, 4.7 K, 58,1/4w,cBN| 1,000 laa lade 
g2|R8. 46746 |RES, 56, S¥,1/4,cBN| 17000 /zalaane 
joea|na /46496  |WIRE,3.9 K OHM 18 lw | 1,000|EALAaNG 
3]oe4jnll). /49464  |RES, 30 OHM, 3W, 18, wew|12000|zalAawe 
“loes|na7. 59343 |RES,50K 20W 5% WIRE-WND | 1.000\zAlAaNe 
josejvl. 4660t~=CLeEaS.20 Ga oe 
“joe7jul. 24008 | ISLTR,DUAL OPT BPN MCT~6| 1.000 /Ealaane 
ine 06 CCC |41876  |VoLT REG,LN7905 (T0-220)|17000|ZAlAane 
loesjua. /43825  |LINEAR,SG35243 MODULATOR| 1.000 EAlAawe 
alo7ojus. [72505 |XSTR,4N38 OPTO ISOLATOR | 1.000{ZA|A0NG 
lo71jus. 46412 |VOLT, 7812 12v 1A T0-220 | 1.000 /EA|Aanc 
“ITLE: mie mm Ga Ce ) 

ee ee ait haseuiaiaiesacsosnecinic. | 


5490 ly | 3 0F4 


-3R11B 

SINGLE LEVEL BOM (SLBRPT.DMC) 

T|SEQ| CIRCUIT | ITEM 

VINO | DESIGNATION | NUMBER 

ee Eee cccamaaracielocncu anne ta teecc ca 
|072|wi-w5 [50005 

Cog! (pmo | ~-------------------- | ---------- 
|073|R23 21771 

‘ii ‘im fal me ls se Gm ee i ism iis te’ ugh cv gam | 

TITLE: |USED ON | 

cKA,POWER SUPPLY Bl | 2150/60 | 

te ee a nS Sib SG die di: smegma | ‘ino smite Sai an | 

[ITEM NO {REV |SHEET # | 

45490 | y | | 

| | 


RUN DATE 6/08/92 

DATA DATE 12/12/99 
| DESCRIPTION | QTy | UM | MATL 
| | PER | |CODE 
: a a cad rien SSeS em ine 
|WIRE,#22 STR RED CSP TFE 1.000|/FT|A4NC 
| RRS Serene aaa n = | eee awe | oe ieee 
|RES, 3.32K, 1%,1/8W,MET|  1.000|EA/A4PC 
| | 
Sp i ein iim i i i a ia in i i se i i | --—--——--—-—-—-—~-——-—--—--~- 
PROJ ENG DATE | 

| 
MFG ENG DATE | 


5.7.2 Power Supply (B2) Circuit Assembly (P/N 45488) 


2 ate 
2150/2160 


 I3R11B RUN DATE 6/08/92 


5488 JAA | 1 OF 4 | | 
| 


SINGLE LEVEL BOM (SLBRPT.DMC) | DATA DATE 12/12/99 
PT/SEQ| CIRCUIT. ——~—~S*|~SdgEM | -DESCRIPEION | gay Van MATE 
RV|NO | DESIGNATION | NUMBER | | PER | |CODE 
“Sol; 45487 |PCB, POWER SUPPLY 52 2100|~ 17000 /zalwanc 
“sjo02]}. “ae Caen ae mreres ir 
\003|07,u8. 30668 LINEAR, 727417 OF ANP | 22000 |zalaawe 
~ joo4ju2. 46412 |vonr,7812 12v 1a 702220 | 1000|za laawe 
“joosjue. }29544_|LINEAR,LM311N VoL® con? |~~-17000|zalaawe 
“looslua 46622 |voun,7608 s8v 1a t0-220 | 17000 (za laanc 
A joo7|us. }46621_|vour, 7908 ~8V 15a 70-22| 17000 (ea |aanc 
“joosjul. 7816 lvouT REG)7615, 3 Team | ~17000/zalaanc 
(uaa 47286 lvour,-12v 1.5 37ean 702} 1 000(za laanc 
“olojez?). iz1a3 cAP,Disc,  .005uF, i0v| ~~ 170001za laanc 
‘gjoulaa? ‘ia \caw,nisc,  .oiur, ieov|  1-000|za|nanc 
.}012/c26,28 46615 |caP,ELEC, 33uF, €.3v| "27000 |Za|aane 
Gj013|¢3,4,c9016 43792 |cap,6.8 MF 35V 208 RAD | 107000(za aan 
sjold\c7-ce 46400 |CAP/ELEC,  680UF, 20V| 2.000 /EA|AaNc 
15|c1e,19,20.— 46408 |CAP,ELEC, 2900UF, 6.3¥|3000|ZAlAane 
“lo1e|c30.——~SOS 113680 |CAP,DISC,  .22UF, 100V|1.000|EA Adve 
‘joi7jcal. /24395 |CAP,DISC, .1UF, 100V| 12000 /EAlAaxc 
“joisjcaz. [64012 |CAP,ELEC,  470UF, 25v| 1.000 /ZalAanc 
3|019|cr8,10,18,16 |12356 |SIGNAL, 1N914A)-75v|4.000|ZA |Adxe 
“jozojcr9.S /46620 | VOLT,TL430L ADJ SHUNT | 1.000 /EAlAanC 
jo2ljcaa.SSOtCOCS |46607  |CAP,DISC,  .0lUF, 50V| 12000 /EA{aane 
“}o22/cR1,2,3. /45851  |RECTIFER,MR@51,__100V|3.000|EAAdsc 
“joasjcnad.S /45853  |RECTIFIER/1NS832, 20V| 12000 |EALAdve 
loz4jcr5 |46619  |SCR, 100V, 35A,D0-5 PKG | 1.000 /EAlAanc 
‘ITLE? [USED ON |PROJ ENG DATE | | 
KA,POWER SUPPLY B2 | 2150/60 | J. LEHRER 3/23/88 | 
[TEM NO. {REV [SHEET | IMFG ENG DATE | 


I3R11B RUN DATE 6/08/92 


SINGLE LEVEL BOM (SLBRPT.DMC) DATA DATE 12/12/99 
PT|SEQ| CIRCUIT. ——~«|~=<gTEM | ~~ ~‘DESCRIFTION ~~~) gate TOM NATL 
RV|NO | DESIGNATION | NUMBER | | PER | |CODE 
eo | Sas | Stee eehanre Sones aae peeanneaase | poate cna cn onan nnn nn --=— (pean as a 
jousjcné,? 112079 |sENER) ~~ aNd735,6.2v| 727000 |za|aaec 
“\ou6lenil,12,13,14 11365€  |nEctrFiensina00s,  00v|~” 4z000}zalaaxc 
1027 | : | ! =a 
\o28|n33.SSOO Tae eer eerie meer Pn pare: 
“loz9jn2 }01969 | |RES, 1K, 108,1/2W,CBN| 1.000|BAlAaxc 
“jo3ojnl9.SS }13938  |RES, 27 Ky, 8%,1/4W,CBN|  17000|BA\AaDc 
“jo3ljna3.—~SOSOCOS [21734 |RES, 2.49K, 18,1/8w/MET| 1,000|BAlAapc 
“losatni3,z0 33928 «Is, 2, Bacau” ac00u [aa dane 
|033| : | : | | 
“j034jn32,—~C~CS~C~CS<SC ;«T; 05944 |waRE,NI9 NANG BARE C | T300/an{aanc 
"}035|n10,26. [06183 |RES, 62, 10%,172W,cBN| 22000|ZAlAaDG 
“jo36jn29.—~C~C<CS<SC ;«XS «SCS~S 113925 |RES, 2.7 Ky 58,174,cBN|  12000(ZalAaDG 
joa7jnal.S 23733 _|aes, aR, J8,i7eu,met|  17000|calaarc 
“josajn9.SSSSS ine ined, A, Staeeeanl bab lanes 
“jo39jnls. SS 13921 |RES, 1-2 Ky S8s174w.cen| 12000(za(aabe 
“}o40|Rll1,24.—— 113895 |RES, 10, 5%,1/4w,can| 27000|zaAgoG 
“jo4ijml2. 21219 |RES, 39, 88,174w,can| 1 2000|ZA\Aabe 
“j042|R31.—~—~C~C~C<CS~S 12174 |RES, 330, 10%, iw,ceN| 1 2000(za|aae 
“[043/R28~~SCOCOSCSCSCS<S<TCS~S 13907 |RES, 100, S8s174w,can| 17000 |za laane 
“joaajn30.—~—~OSOSOO 13933 Imes, 10 K, 5¥,174w,can| 12008 en |aanc 
‘jo4sjnl6.SSOSCSCSCSS 13986. \nea, is K, 58,i7awcuul S08 eal adne 
jo46|k17,—~C*~C*<“‘<C<CS 13922 (mgs, 1.5K, 58,174W,CeN| 1,006|zAaaoc 
‘|oa7|R22—~C~C<CS<ST ;«7S;«7TS« ST a (aw ec aes pre 
Nase nictnanaaeosmpiCs exaneoenttgmmome a ee 
TITLE: | USED ON | PROJ ENG DATE | 
-KA,POWER SUPPLY B2 | 2150/60 |J.LEHRER 3/23/88 | 
aw ati wae ae 
: 


| 
15488 JAA | 2 0F4 
| 


I3R11B RUN DATE 6/08/92 
SINGLE LEVEL BOM (SLBRPT.DMC) DATA DATE 12/12/99 
sisal CIRCUIT = ——*|sTTEN | ~—~«~DESCRIPTION. | ty jG |mATa 
RV|{NO | DESIGNATION | NUMBER | | PER | |CODE 
Riad? 112458 tin, tk +s mae Le 
"ajodsjc31. 45247 CCRT RENT ger meer ss ps pee 
Elo50|na. via wwe. zens 
’ (eslna.aa 47318 |PERRITE, 128% 1372x 7210|37000|zalaanc 
052 | : | | | | 
“}053}. SOS a fe ge ee Fg abe laniaane 
“g3/054|tl1.S 45877 IXENR,FHR PER Da@ 2100710| 17000 | za | mane 
[055 | | | : [ | 
~"1056|P201,r203—CO \agea5 ICONN, HEADER, 2FiN) 156 |~~27000|zalaase 
. |057|P202 146627 CONN, HEADER, 3PIN, 7156 |~~ i 7000|zalauze 
"3|058|p204 46636. CONN, HEADER, 13PIN, 1156 | -17000{aalaapo 
a 2 mw 86~ Cia. Oe marr eri pee 
or 165336 _|CONN,PIN,CANTIL, 22-26 | 5 000/zalaanc 
| 061 | : | ! | | 
62/3103,3104. 46628 CONN, WEG, SPOB,SaL y.a86| ~~ a-000|zalaane 
“loes]. iat  leunede aes eam er pant ree 
lea; 46256 |INSLTR, 70-220 RECTANGUER| 37000 (zalaawe 
“lo6s} SS |22410 |S0cKET,1¢ 8 PIN DIL | 3.000 |zalaaxc 
nj066|. oas06 |GREASE, TEMP ConDUCive |~~ 7001 {za lasec 
[067 | | : : | | 
foes]. 103630 wensAoa & i Pus War | eats ak ee 
a ae aes oo jy 
+ [ore | mannan nnn n nnn [Aaa e [rn eas booed (ates 
1070 | | | | ; | 
lova|. ‘03629 IScR,4=-40 X 1250 Pap sat | 27000/zalaarc 
vITLE: lUsED ON [PROJ ENG Dane | 
KA,POWER SUPPLY B2 | 2150/60 |J.LEHRER 3/23/88 | 
ITEM NO. |REV |SHEET #1 IMFG ENG. DATE | 
5488 | AA | 3 OF 4 | 


I3R11B | 
SINGLE LEVEL BOM (SLBRPT.DMC) 
PT|SEQ| CIRCUIT | ITEM 
RV|NO | DESIGNATION | NUMBER 
see | eshhieai oabummmadicmeaetieon cee 
|072|w5 | 06190 
ee or | ~--~----—-------~-~~-~~- hs, i ia psi tl au 
[073] 150684 
— | me ea a we ew ee ef 
A|074| |66767 
ee eee | ee eee ee | 
|075|w2,3,4,6 |06170 
es | eo ae ee ee ee om coe ee oe ee oe ee oes oe oe | mc ti stm ei 
| 076 | | 
me ce fe re ee eee eee ee ee ee ee ees wwe oe we we we ee | -----——--—--— 
|077] |03538 
|078 | [05885 
|079 | | 41937 
|080| [03541 
1081] |05919 
| 082] |05916 
| 083] |03579 
| 084 | |03577 
|085] |06089 
= --— | ec ee ee es ee ee ee ee | cue Gan one ams tos ene eum ane comm ons 
| 086 | | 
_ ---| a ee ae ce ee ee coe came wee ee Ges em ee we ee oe eee | se th il a i de 
|087| | 
_ ---| AP ee ee Se SD ce nD am ERD GO Mee SOUP GUD cone ame eum eum eum ene exe | ce is i il tee 
|088| | 47960 
e ces | cree nas ------ pH SSSsmeme 
ts su ie ia wt i ile Sat ac ye sa sa dn aes | in Si Sel dei ah 
TITLE: |USED ON 
>KA,POWER SUPPLY B2 |. 2150/60 
= A Se eee GD GND GES Oa SND cL” ts EDD GD ou nD GED un canS ee eee cot mw a> | -----—----- 
"TEM NO |REV |SHEET # 
15488 |AA | 4 OF4 
| 


RUN DATE 6/08/92 

DATA DATE 12/12/99 
DESCRIPTION QTY | UM | MATL 
| CODE 


| 
| PER | 
| 


= 


WIRE,N18 STR RED TFLN | 1 300|FT|A4NC 
! | 
NUT,HEX;4-40. | 8 s000|zAlaape 
TUBING)N13 SILCN BL | 1120|FT/A4NC 
|WSHR,SHDL RGLTR MTG | 5.000 /EA|AaDe 
Wma mewn pre 
ee ee ne yao | ea iaane 
Wai. "santana nape 
|WASHER,LOCK, #6 INT er et Pere: 
lWSR,INT #4. Ye a6 enlaces 
\WIRE,NI8 BUS marry sires 
es es po 
| women naan anne nnn nna | Sasteene leas 
| | | | 
AbaeSiv,eRND CHRCUET aD] .003|Ea| ABs 


| 
|PROJ ENG DATE | 
| J. LEHRER 3/23/88 | 
|MFG ENG DATE | 


FILTER 
FUSE 3AG |» 
Nom | Rance | PRESS 


2.0 AMP 
[Luus | 90-132 | cw Blow | 

1.6 AMP 
230 | re1-269 


VS150 aah ISOK 
EXTERNAL CIRCUIT | LAIOA 200V /2W 
REFERENCE ONLY 


CAGAE ASSY 47115) | 


ae at eee, Sens CRI? = 3 R 
ee E 750 150K 
YsI50 200V \/2 W 
1 
AY 
C6 CR3 PIoS 
oa IN4937 
GOOV Roy: Mt 3| 2 
20K, 200 DanceR || 3 
| eee fo ba Oots | Hic qisece| © 
i aga ening ws ‘ 
a 27 iW al | eo ! ol | a 
a5 ie Q3 
massa $98 eae MounreD om pws | Z 
oe. m8 . a ; , 
4 A 62 = 
a R25 ey AV 28 Sw oc 
100 thy = 
. 
WA 
P Z 
L LIMIT SEWSE 3R7 Sir < 
2n Ma — 
v aa (Yy~\ 02 O 
LN ped 
he J se13005 
ya CRE 
he / 2N2222 —. Ted 
AV ane +{2V SOURCE IN4008 
—— PIO4 
a + seas 1N4937 
R29 C8 | 
ae 100 CT 
25V 100 | 
25 
Vv : 
Vy, V CR7 
2N2222 aA A\ - IN4005 Clo 
a Sy | 
at} waa cRIO 
IN4937 | 
R28 Pi04 
TK -5V¥ SOURCE 
' : PIOS 
E —— , 
| I$ pi 
INDIA INSHA ie r | oe 
R22 4 
SOFT 7” 6.8K : gz se 
START + MCT-2E 5 
| 
10, lov IN LAMY 


CoO er. 
SRR PR RENEE 
PPE 


Sat ae SRE 

Le ee 

EACH DIV. = 5V, lO 4S : EAGH DIV. = 5V, 10 nS 
BASE of 06 BASE of Q3 


CC ee 
a 
SSR 
TCI 
See 


EACH DIV. = ev, 10 uS EAGH DIV. = 200V, lO us 
BASE of Q5 COLLECTOR of Q3 


Be) 2) 
TAGH NE» BY, Wop 


THIS INFORMATION IS FOR USE 
PIN 7 of U4 BY ESI QUALIFIED SERVICE 
PERSONNEL ONLY. 


AN 


= CIRCUIT COMMON; HAZARDOUS VOLTAGE. 
ALL PARTS OF THIS ASSEMBLY INCLUDING CIRCUIT COMMON 


BOTH THIS ASSEMBLY AND TEST EQUIPMENT. FAILURE TO OBSERVE & 
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Figure 5-9. Power Supply B2 Circuit Assembly (P/N 45488) (cont) 
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5.7.3 Motherboard-to-Power Supply Interconnect Cable Assembly 
(P/N 47111) 
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I3R11B RUN DATE 6/08/92 
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SINGLE LEVEL BOM (SLBRPT.DMC) DATA DATE 12/12/99 
PT|SEQ| CIRCUIT | ITEM | DESCRIPTION. | gTY /UM|MATL 
avNG | DESIGNATION | NUMBER | | PER | | CODE 
_“.Cl 46637  \comn,uuG.34PO8 ROL. 2186|” 1. 000|en laane 
“a: 47125 |GRNT/HORSESHOE J3125H0LE| 12000|aa lAane 
A003]. 165336 |CONN/PIN,CANTIL, 22-26 | 130000|zAlAawe 
jooa, rae Pore yr rae errerrs Paper 
i“ ee (06170 |WIRE,NI@ STR RED TPLW | 20300|FT|aane 
joo] [06166 |wERE $18 STR BLK TEFL | 22200|alAanc 
007], |50005  |WIRE,/#22 STR RED CSP TFE|.900/FT|A4NG 
“}o08] /50010  |WIRE,#22 STR ORN CSP TFE|~1.000\FT|AaNC 
“tase 150007 |WIRE,#22 STR YEL CSP TFE| .900/FT|A4NC 
. {010}. }50006  |WIRE,#22 STR GRN CSP TFE| 1.900\FT AAC 
jo1l). /50008  |WIRE,#22 STR BLU CSP TFE|1.000\FT|AANC 
“}o12]). [50011 |WIRE,#22 STR GRA CSP TFE| .900\FT|Aane 
1013) (06187 |WIRE/N22 STR WHI/BRN TFL|  .800\FT\AaNG 
“fone ee oeaee oe WERE, N22 SER WaR/ABD BFL 900] Pn |AANG 
<i °°«~°~C*:=“<CSC ‘cuea OX ~igeoa eaa “= | 

‘'BL,MTHR BD TO PS 2150/60 | 2150/60 | | 

mo wi s..!CUC CC waa me 
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SINGLE LEVEL BOM (SLBRPT.DMC) DATA DATE 12/12/99 
PT|SEQ| CIRCUIT | ITEM | DESCRIPTION | QTY | UM | MATL 
RVINO | DESIGNATION | NUMBER | | PER | |CODE 
Re | eae ee lie aa | poor nnes | wanna nnn nn nn ---- == == | ----- = | | on 
« 01] |46635 |CONN,HSG, 9POS,SGL ,.156| 1.000|EA/A4NC 
ie eg i te a a a as anlar [eminem | ~----------------------- | i eee | a = 
A| 002] 165336 |CONN,PIN,CANTIL, 22-26 | OOO0|}EA|.A4NC 
>| sen eetenereeeascoos [aoe frhujadutalt-ostaleltetaeteneraisteimntetate poe ae fee 
|003] [50009 |WIRE,#22 STR BRN CSP TFE| 1.500|FT/A4NC 
mae | eee | ee ee ee eee | ce ae eee fb ea ee cams ne ene ee | Te oe ee a a oe oe eee | ener een | a. | 
1004] 150008 |WIRE,#22 STR BLU CSP TFE| 1.500/FT/A4NC 
= [one | ean n ann n nnn nnn pa nee [inigenieigetnepatareamere acaiaaaisreiee ate feoeen 
[005 | {06192 |WIRE,N22 STR WHT/BLU TFL| -600|FT/A4NC 
+ | See [oomero sana ee nena = [PSae SSeS | Smoot enn -- === ------- See [= |S 
qa -- + | moar enna | ----------- = = - | 2 
TITLE: | USED ON |PROJ ENG DATE 
BL,BCK PNL/PS CON 2150/60} 2150/2160 |J.LEHRER 3/23/88 | 
ITEM NO |REV |SHEET # |MFG ENG DATE | 


| | 
7115 1A | 1 OF 1 | | 
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T3R11B RUN DATE 6/08/92 


SINGLE LEVEL BOM (SLBRPT.DMC) DATA DATE 12/12/99 
oT|SEQ| CIRCUIT | ITEM | DESCRIPTION *Y) Qty Gm |MAaE 
RV|NO | DESIGNATION | NUMBER | | PER | |CODE 
Gjool|. 52673 |poay B8232 GAPE INTERTAG| 12000|zalear 
pjoo2|jcl-ll.Ss—C<‘~‘CS;<72S; SCS /45658 |cAP,DISC, .01UF, S0v| 11.000|BA|A@xc 
 jo03]3701—~C~C~C<CS;<XT;*;S aa00k.. . \emuecoas Bin b Braue | Lc aoolan|aawe 
‘ii °° °° is0a0 ‘lume, 42> Ss,a7uuscan| 1 opalgalaane 
“\oosjn2S 13976 |RES, 15M, S4,174w,cBN|  17000|Ba (aape 
aloosjui0.. 52762 |rru,74L806 QUAD 2 INPUT | 1.000|BA\Aase 
“loo7jule. 42302 _|prL,wci4e9L LINE RECEIVA| 10000|ZAlAQnC 
“loosjuls 42301 |DTL;NCA488L LINE DRIVER | 110001 BA |Aane 
“lols 6~2~COC na wnaeaS pee aera 
Vo1ojula. 49184 |ze,mea x70 mns¥c amma | 1s000|zalaanc 
sou °¢~CS;S 132760 |wau,74z800 QUAD 2 INPUT |" 12000|zalaanc 
“\oizjué, 11 —CS |45262  |XCEIVER,DPO304BN 8517 BI|2.000|EA|AANG 
aAloi3jul2.. /43681  |1C,74L8174 (QUAD D F-F) | 12000|EA\AaNG 
Alol4ju2. 152582 |1c,74L832 QUAD INPUT | 1.000|EA\AaNe 
“a  €6|CC /48804  |1C,74ALS521.8-BIT EQL TO} 17000{BA|AaNt 
ia«£ |45656 aru, 74n8139N DECODER | 1.000/ZA\aanc 
we °° CC /49183|1c,z80 cc 4mHz,28 PIN | 12000|BAlAawe 
aAloisju9 SSS |52761 | TTL,74L874 DUAL D FLPFLP| 1.000|BA\AaNC 
Ajol9jsl2..~~—SOS |52711  |SWITCH,DIP,10-SW, 1-708 | 2.000{EA\AasC 

“jouojvl. '45974  |XTAL,1.8432 MHZ HC18/U | 1.000{EA|AaDc 
“jo2l]. /45815  |BLOCK,RS232 CONN 2100 | 2.000|EA|HANC 
zjo22;—~—C*=C“‘“‘<‘<CSSS /45951  |BRT,PCB GROUND 2100. | 12000\EA|HANC 
—0::CC 9169S isecde ic ua sx arse 
“jo24;. 120860... |\SockET,2¢ 16 fin manent pee 
TITLE: OS "USED Ox [EROS EXG DATE |ELECTRO SCIENTIFIC, 
CKA,RS-232 TAPE INTRFACE | 2150/60 |C.VANWORME 9/07/83 | INDUSTRIES INC. | 
-———------- ~~~ ~~ | ---------- | ----------------------| PORTLAND, OREGON | 
ITEM NO |REV |SHEET # |MFG ENG DATE | USA 97229 


| 
52674 | H | 1 0OF2 |FRED BROWN 9/07/83 |FED.IDENT.NO. 11837 | 
er | ---- | ------=---------~--- | --------------+--2---- | -------- nit 


I3R11B RUN DATE 6/08/92 
sINGLE LEVEL BOM (SLBRPT.DMC) DATA DATE 12/12/99 
PT|SEQ| CIRCUIT | ITEM | DESCRIPTION | QTY | UM| MATL 
RV|NO | DESIGNATION | NUMBER | | PER | |CODE 
= | == | ----==-------------- aren ees cena area acon) OK — 
125] 141342 |SOCKET,IC 40 PIN | 1.000|EA]aA4xc 
- |-<7 | ----~--------------~ | -=-------- | -~--~--~~--------------- |-------- | -- |---- 
1026] |41492 | SOCKET,24 PIN SOLDER | 1.000|EA]aA4xc 
"al bool lnetenneneemeneed toeeeeee | -----~~----------------- |------=- | -- |~--- 
A |027| 145660 | SOCKET,20 PIN DIP | 3.000|/EA]A4xc 
= |ne | -aann-=-- 588 - == - =~ | === === | ---=-------------------- |-------- | ~~ |---- 
1028 | 143844 |SOCKET,28 PIN DIP | 1.000|BHA]A4xc 
~~ [aaa [noon anna naan - | a= === | ----~-=~--~~------------ |--------|-- |---- 
|029|UR1,2 145847 |RES,2.2K, 5RES, 6PIN,SIP|  2.000/EA/A4PC 
~ [nae | -onn-------------- =~ | === ------- | ------------------ ~~ |-------- | -- |---- 
1030] | 03630 |SCR,4-40 X .312 PHP SST | 2.000/EA/A4PC 
>= | aoa | -------~------------ | ---+------ | --------~--------------- |--------|-- |---- 
A|031] |03628 |SCR,4-40 X .187 PHP SST | 2.000/EA/A4PC 
- | s2= | ---~=-----~--------~ | ---~------ | --~--------------------- |--------|--|---- 
032] [03598 |SCR,2-56 X .250 PHP SST | 2.000/EA/A4PC 
"= [52 | -------------------- |---------- | -----~------------------ |-------- |--|---- 
1033] [03577 |WSR,INT # 4 |  4.000|EA|A4Pc 
EL | ee ee om cam cee ome em ee eam me ee ee em ee ame | cee nem em cme ee one cee mw | ce ees ce cs es ene es ee oe es es me ene mee em ers es ws me em es en es | nw mee ancanedavicieom | eam ens |---— 
1034] 103575 |WSR,INT # 2 |  2.000/BA|A4PcC 
fe | ones | one | amen een een |-------- |-- |---- 
|035}wi 106091 |WIRE,N22 BUS | .160|FT/A4DC 
—|-=- ooo | ecm nnn | name nnn ene ne |~------- | -- |~--- 
|036|R3 113930 |RES, 6.8 K, 5%,1/4W,CBN| 1.000/EA|A4DC 
ee | TT aw me aS Se eae | A | a A ee ee ee een en ena | em arerenenmecen | ac ee | cial 
1037] (49245 |BAG,STATIC SHIELD 11X15"|  1.000/EA/A4SC 
Se eer | mmr | nnn nein amen | een ne |--|---- 
38|R4 112398 [RES, 15 , 10%, 1W,CBN} 1.000/EA/A4pDc 
ed bet eetineeeeeined eprrp amma penetra eee |-------- | -- |~--- 
aj039]C12-16 156210 |CAP,560PF 100V 5% CER/M | 5.000/EA/A4PC 
= | S| Se i ee ce a ea es a me my | eS ne ewes dems; | sm hem emcee he nb ms io ee ees -eum em. esi es ms ems em ems ep | we ee ome ee oe em me | em eee | eee eee ee oe 
© o> eam See aD OD ne ame Gm te ems Ow ene eam Om enw ce ome se en > se ee | ---------- ee we ee ee ee | 
"TTLE [USED ON |PROJ ENG DATE |ELECTRO SCIENTIFIC | 
‘A, RS—232 TAPE INTRFACE | 2150/60 |C.VANWORME 9/07/83 | INDUSTRIES INC. | 
SE aS ae een TN Ee | ---------- |----------------------| PORTLAND, OREGON | 
TEM NO |REV |SHEET # |MFG ENG DATE | USA 97229 
1674 | H | 2 OF2 [FRED BROWN 9/07/83 |FED.IDENT.NO.11837| 
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APPENDIX A 
OPTIONS OPERATION 


A.1l MODEL 2150/2160 HANDLER INTERFACE OPTION 


Handler Interface options enable the Model 2150/2160 to operate with 


a mechanical parts handler. The option accepts a START signal to 


initiate measurements, 


provides a BUSY signal which may be used to 


arrest handler operation during test, and offers a contact closure 


output corresponding to one of thirteen preselected component bins 


(refer to Section 2.7 


for component sorting operation). Additionally, 


an End of Conversion signal can be enabled which allows calculations 


during handler movement. However, one less accept bin is available in 
this mode (see Table 2-1, test code 16). 


Three standard handler interface options are available. They are: 


ESI Part No. 47895 -- 


ESI Part No. 47896 


ESI Part No. 47897 -- 


"General", for interfacing the Engineered 
Automation, Ismeca, Q-Corp, Heller, Systemation 
and other handlers. 


"Daymarc", for interfacing the Daymarc handlers. 


"MCT Browne", for interfacing MCT Browne 
handlers. 


NOTE: Circuit differences between options are depicted in 
the schematic section (Appendix B) as follows: 


"General" (Figure B-1)--U7 is a TIL119 Opto-Isolator (P/N 
44224). W3 is connected to pin 6 of U6. 


"Daymarc" (Figure B-3)--U7 is a 4N28 Opto-Isolator (P/N 
20674). W3 is connected to pin 6 of U6. 


"MCT Browne" (Figure B-2)--U7 is a 4N28 Opto-Isolator(P/N 
20674). W3 is connected to pin 5 of U6. 


Contact the factory for information concerning the use of other part 


handlers with the Model 2150 or 2160. 


$ 
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A.l1.1 Hardware Included 


Handler Interface Option 47895 
Handler Interface Circuit Assembly 
Instruction Sheet | 


Handler Interface Option 47896 
Handler Interface Circuit Assembly 
Instruction Sheet 


Handler Interface Option 47897 
Handler Interface Circuit Assembly 
Instruction Sheet 


A.1.2 Installation 


TO AVOID PERSONAL INJURY FROM ELECTRIC SHOCK DO NOT REMOVE 
INSTRUMENT COVERS OR PERFORM ANY MAINTENANCE OTHER THAN 
DESCRIBED IN THIS MANUAL. INSTALLATION AND MAINTENANCE 
PROCEDURES DESCRIBED IN THIS MANUAL ARE TO BE PERFORMED BY 
QUALIFIED SERVICE PERSONNEL ONLY. 


TO AVOID DAMAGE TO CIRCUITRY, TURN POWER OFF WHILE PLUGGING 
IN OR REMOVING CIRCUIT ASSEMBLIES. 


Remove strap from unused card slots on the motherboard. Insert the 
Handler Interface Assembly into slot J4 ONLY (see Figure A-l). 
Replace strap across J1-J3. Installation of the BNC-to-BNC cables and 
the Handler Interface cable assembly, for option part number 47895, 
are dependent upon the component handler being used. The BNC cables 
connect the VideoBridge HI and LO unknown terminals to the part 
handler's component contactors. The Handler Interface Cables make all 
logic connections between the VideoBridge rear panel OUTPUTS 


connector and the component handler. 
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4 ANALOG, P/N 53675 


CASSETTE INTERFACE/RS232 INTERFACE, DIGITAL, P/N 53522 
(Option 2150) PAN 52674 


or GENERAL PURPOSE INTERFACE, OPTION 
(Option) P/N 46114 
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Figure A-l. Handler Interface Circuit Assembly Location 


A.1.3 Operation 


Before installing the Handler Interface option, set the desired bin 
limits along with the nominal value and enter test code 8 or -8. 
This puts the VideoBridge into SINGLE measurement mode. Component 
sorting begins immediately upon receipt of START pulses from the 


handler. 


The Handler Interface Option can only be used with test code 8 
(handler mode without display) or test code -8 (with display). Refer 
to Section 2.7 for more information on SORT mode and test codes 8 and 
-8. 
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To deactivate either test code, do one of the following: 


1. Temporarily ground Pin 21 of the Handler Interface rear 
panel connector. Grounding is accomplished by connecting 


Pin 21 to Pin 13 (System Ground) on the same connector. 


2. Turn instrument power OFF then ON again. In this case, the 
nominal value, bin limits, and bin counters are zeroed 
(unless the Non-Volatile Memory option is present and has 
been enabled). See Section A.3. 


The Handler Interface provides the following functions: 


NOTE: Indicated polarity must be observed for each function. 


START TEST -- is the active HIGH input to an opto-isolator. To 
initiate a measurement, it requires a holding current of 20mA to 


70mA for a minimum of 10ms. 


BUSY -- is the active HIGH, open collector output of an opto- 
isolator. This signal is used to arrest handler operation during 
test and can be changed to active LOW by moving jumper W3 on the 
Handler Interface Circuit Card. The opto-isolator for Browne and 
Daymarc handlers (TIL119) can sink a maximum current of 125mA and 
has a continuous power dissipation rating of 150mW. The opto- 
jsolator for the General handler (4N28) can sink a maximum 


current of 3mA. 


END OF CONVERSION (ANALOG BUSY) -- is the active LOW relay 
closure from common to the output of BIN 11 (see Figure B-1l.) 
This signal allows the handler to advance to the next component 
for testing while calculations are still being made on the 
previous device under test. The EOC capability is enabled by 


programming test code 16 and cleared by test code -16. 
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4. Output Relays -- are active LOW contact closures which select 
bins according to preset limits (see Section 2.7, Component 
Sorting). One relay is closed at a time. The relays are rated at 
1OO0VDC, 250mA switching current, and 10 million operations. 
Higher currents may cause a possible reduction in operation life, 
especially if contacts arc on opening. Resistive loads are more 


Gesirable than inductive loads. Relay switching may take 3-4ms. 


5. 5V TTL (open collector) Outputs -- are available at the rear 
panel OUTPUTS connector (active HIGH). They require the addition 


of a jumper wire in place of each output relay. 


Programming 8 CODE (handler mode without display) is recommended for 
fastest handler interface operation. -8 CODE is slower but displays 
results: the BUSY signal is extended approximately 110ms for display 
update time before the next START signal will be recognized. 


In addition, test code 10 can be used in conjunction with either test 
code 8 or -8 for remote output to channel B of the RS-232C Interface 
option. This also extends the BUSY signal approximately 110ms before 
the next START signal will be recognized (for a total of approximately 
220ms in test code -8). 


The Handler Interface times listed under Figure A-2 were determined 


under these test conditions (other setups may affect times): 


Test Frequency = 1kHz Test Signal = 1000mvV 
Settling Time = 2ms Integration Time = 2ms 
Number of Averages = 1 Baud Rate = 9600 
RANGE HOLD Value of component-under-test = l1nF 


FAST 
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ACTIVE 
HIGH 


3 3 START 
| MEASUREMENT 
SIGNAL AT 
BUSY INPUT 
Z CONNECTOR 
rT ‘ EOC 
ACTIVE 
~ 1... axel _ 


BIN No. 2 


SIGNALS TO 
RELAY COILS 


A. First part was in bin No. 1 (low signal to relay coil). 
B. Second part was also in bin No. 1 (low signal to relay coil). 


C. Third part was in bin No. 2 (low signal to relay coil). 


Figure A-2. Handler Interface Option Signal Timing 


NOTE: Numbered intervals in this diagram vary with each 
handler interface configuration and are not depicted propor- 
tionally. All times listed are approximate and may vary by 
5ms (except Interval 3, which is always a minimum of 10ms). 


NOTE: When using 10 CODE for printer output, a CTS (Clear To 
Send) signal may add more time to Interval 1. To assure 
proper coordination of signals, adequate time must always be 
allowed in this interval before sending a START signal. 


Interval l. Time from offset of BUSY to onset of START. No minimum 
(dependent upon handler speed; can be less than lms). 


Interval 2. Measurement Time. Time from onset of BUSY to offset of 
BUSY. Refer to instrument test conditions as noted. 


8 CODE -- approximately 100ms. 

8 CODE and 10 CODE -- approximately 290ms. 
-8 CODE -- approximately 290ms. 
-8 CODE and 10 CODE -- approximately 400ms. 


Interval 3. Time from onset of START to offset of START, minimum 10ms 
for all four test code combinations. Measurement is initiated on 
the HIGH level of the START signal. Bin decisions are not made 
until after START goes LOW. 


Interval 4. Time from onset of EOC to offset of EOC (active LOW). 
Approximately 40ms for all four test code combinations. 
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All Handler Interface outputs are available via the VideoBridge rear 
panel OUTPUTS connector. Table A-1 lists the functions for each pin 
of the OUTPUTS connector. 


Table A-l. VideoBridge OUTPUTS Connector Wiring 


PIN; NUMBER FUNCTION 


OoONOOARWN — 


11 (EOC)—o 
+5V (SYSTEM) OUT 


SYSTEM GROUND 

START IN | 
BUSY OUT 

BUSY COM 
START COM 

KEYBOARD UNLOCK 
*Tegam recommends that Pin 12 (+5V OUT) and Pin 13 (SYSTEM GROUND) not 


be used. Noise introduced into the Model 2150/2160 through these con- 
nections may affect measurements results . 


NOTE: Pin 17 is Bin R which is the Reject Bin. Do not use 
16 CODE to enable EOC (pin 15) unless Bin 11 limits have 
been set to zero. 


NOTE: The Handler Interface cabling used with ESI's Model 
296, 296V and 410 will not be compatible with the Model 
2150/2160's connections since pin 21 is not connected in the 
Model 296 cable. Contact ESI factory for further details. 
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START COM/BUSY COM 


The Handler Interface Option is shipped with the START COM (pin 20) 
and BUSY COM (pin 19) lines tied to the COMMON (pin 1) side of the 
relay closures. START COM and BUSY COM may be disconnected from relay 
COMMON (pin 1) and connected to SYSTEM GROUND (pin 13), if the 
binning operation requires relay COMMON (Pin 1) be raised above 


ground potential. The following procedure tells how to do this: 
STEP 1. Turn instrument power OFF and remove its cover. 


STEP 2. Remove the circuit card hold-downs and the Handler Interface 
circuit card. 


STEP 3. Locate and cut the connecting stripes labeled W4 and W5 (see 
Figure A-3). 


_ itn 


= SESESESRSNENS as 


= 


2 4 


16. 


TESeee | 
SS =| SB) Sac: £%, ate 


Figure A-3. Handler Interface Circuit Card 
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STEP 4. Add jumper wires to the rear panel connector (J2) of the 
Handler Interface Card. Connect START COM (pin 20) and 
BUSY COM (pin 19) to SYSTEM GROUND (pin 13). 


STEP 5. Re-install the Handler Interface circuit card and instrument 


cover. 


NOTE: Tegam recommends that Pin 12 (+5V OUT) and Pin 13 
(SYSTEM GROUND) not be used. Noise introduced into the Model 
2150/2160 through these connections may affect measurement 
results. | 


Connections to the Handler Interface Option should be made with a 36 
contact receptacle that has a trapizoidal, polarized shell. Use 
Amphenol P/N 57-40360 or Tegam P/N 15738 


A.1.4. Calibration 
The VideoBridge needs no adjustment, other than normal calibration, 


when a Handler Interface Option is installed. The Handler Interface 


Assembly contains no service adjustments. 
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A.2 MODEL 2150/2160 REMOTE PROGRAMMING OPTIONS (GPIB AND RS-232C) 


A.2.-l1 Introduction 


The Model 2150/2160 VideoBridge can be fitted with General Purpose 
Interface Bus (GPIB) or RS-232C remote programming capabilities. 
Sections A.2.2 to A.2.8 describe the GPIB option. Sections A.2.9 to 
A.2.14 describe the RS-232C option. 


Information from both remote devices is seen as the same by the 
VideoBridge. Section A.2.16 lists instrument setup common to both 
GPIB and RS-232C options. 


The GPIB option (P/N 46725) allows the VideoBridge to communicate on 
the bus structure defined by IEEE 488-1978 specifications (see ANSI 
IEEE Standard Digital Interface for Programmable Instrumentation.) 
The bus itself is a passive structure. It is the active components on 
the interface option that enable the 2150/2160 to operate according 
to this universal standard. With the GPIB option installed, the 
2150/2160 can be connected directly to the bus, and operated by a 
controller and the appropriate programming instructions. The 
instructions to and the data generated by the instrument are coded in 
ASCII code. 


The RS-232C Interface option (P/N 46724) is used to interface the 
2150/2160 VideoBridge to peripheral equipment; i.e. video display 
terminals, keyboards, printers, etc. With this option installed, the 
2150/2160 can interface with RS-232C systems. 
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A.2.2 GPIB Bus Structure and Supported Interface Functions 


The IEEE-488 bus is a set of sixteen signal lines that can be grouped 


functionally into three specifically dedicated buses. 


1. 8 bidirectional data lines -- DIO 1 through DIO 8. 
2. 3 interface signal lines -- DAV, NRFD, and NDAC 
3. 5 general management lines -- ATN, EOI, IFC, REN, and SRQ. 


Information is transferred along the bus in bit-parallel, byte-serial 
fashion by an asynchronous handshake. The handshake signals (inter- 
face signals DAV, NRFD, NDAC) guarantee the transfer of each byte of 
data from an addressed talker to all addressed listeners. This allows 
instruments with different data transfer rates to operate together on 
the bus as long as they conform to the handshake state diagrams 
defined in the IEEE standard. 


Instruments connected to the bus are classified as either talkers, 
listeners, or controllers. A talker is capable of transmitting data 
on the data lines: there can be only one talker at a time to avoid 
confusion in message and data transfer. A listener is capable of 
responding to data received on the data lines; there can be more than 
one listener at a time. A controller designates which devices are to 
talk or listen and exercise other bus management functions. There can 
be a system controller as well as other controllers on the bus. 


However, there can be only one controller-in-charge at a time. 


A device need not always be a talker or listener or controller, it 
may be idle part of the time. An instrument may alternate as a talker 
and a listener depending on whether it is generating data or 
receiving instructions. Figure A-4 is a typical system based on the 


IEEE-488 bus structure. 


Table A-2 lists the IEEE-488 Interface Function repertoire including 
the subsets of each function supported by the VideoBridge. The ANSI/ 


IEEE standard describes these functions in more detail. 
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DEVICE A 


ABLE TO TALK, LISTEN, Ht | 
AND CONTROL 
(e.g. Calculator) 
a GENERAL INTERFACE 
ciate MANAGEMENT BUS 


5 SIGNAL LINES 
DEVICEB . 
ABLE TO TALK, AND LISTEN == — Say 
==i9 
(e.g. ESI Model 2150 / 2160) Se | 


DATA BYTE 
TRANSFER BUS 
io 3 SIGNAL LINES 
DEVICE C 
ABLE TO LISTEN ONLY == 9 0q aii 
ee ee 
(e.g. Printer) ee oS oe ee 


DATA BUS 
8 SIGNAL LINES 
DEVICE D 


ABLE TO TALK ONLY 5 | 
ss 


(e.g. Tape Recorder) Seu | DIO 


1:8 
DAV 


NRFD 
NDAC 


IFC 
ATN 
SRQ 
REN 
EOI 


Figure A-4. A Typical IEEE-488 Bus Based System 
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Table A-2. 


SH1 
AH] 
T2 

TE 
L2 

LEG 
SR1l 
RLY 
PPY 
DCY 
DT1 
Cg 


NOTE: 


IEEE-488 Interface Functions Supported by Model 2150/2160 


Source handshake -- complete capability 

Acceptor handshake -- complete capability 

Talker -- Basic Talker, Serial Poll capabilities 
Extended Talker -- no capability 

Listener -- Basic Listener capability 


Extended Listener -- no capability 


Service Request -- complete capability 
Remote Local -- no capability 

Parallel Poll -- no capability 

Device Clear -- no capability 

Device Trigger -- complete capability 
Controller -- no capability 


Device Trigger capability (DT1l) means the Group 


Execute Trigger (GET) interface message can be used by the 
controller-in-charge to start instrument operation. For more 
information on this or any other Interface Function, refer 
to the ANSI/IEEE Std 488-1978. 
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A.2.3 Number of Devices 


The IEEE-488 bus can handle up to 15 devices. More than 15 devices 
can be interfaced if they are not directly connected to the bus but 
are interfaced through another device. At least two-thirds of the 
main devices connected to the bus at any time must be powered up for 


the system to be operational. 


A.2.4 Cable Length 


The maximum cable length that can be used to connect a group of 


devices within one bus system is: 


2 meters times the number of devices, or 20 meters, whichever is 


less. 


Cables may be interconnected in either star or linear configuration, 


or in any combination of the two methods (see Figure A-5). 


Ay Le L bod Ley Le 


Figure A-5. IEEE-488 Bus Interconnection Configurations 
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A.2.5 Electrical Specifications 


The relationship between the binary logic states and their voltage 


levels is as follows: 


LOGIC STATE VOLTAGE LEVEL 
O > +2.0V High is inactive state 
1 < +0.8V Low is active state 


The high and low electrical states are based on standard TTL 
(transistor-transistor logic) levels where the power source does not 


exceed +5.25VDC and is referenced to logic ground. 


A.2.6 Signal Lines 


The IEEE-488 bus is divided by function into three separate busses as 
shown in Figure A-4: an eight-line data bus, a three-line transfer 
bus, and a five-line management bus. Table A-3 indicates the contacts 
corresponding to these lines as well as the seven signal ground 


returns and the bus shield. 


The data bus (signal lines DIO 1 through DIO 8) are used to convey 
data or device-dependent messages. DIO 1 represents the Jleast 
significant bit in the transmitted byte; DIO 8 represents the most 
significant bit. One eight-bit word can be transmitted bidirection- 
ally in byte-serial, bit parallel fashion. The data lines are con- 


sidered active when their signal level is low. 


The transfer bus is a three-wire handshake process that is executed 
between the talker and all designated listeners each time a byte is 
transferred over the data bus. This handshake process assures that 
new data is not placed on the data bus faster than the slowest 
listener can receive it. The three transfer bus lines and their 


functions are: 
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NRFD (Not Ready For Data) -- This signal line is low until all 
addressed listeners are ready to receive the next data byte. When all 
addressed listeners are ready, they release the NRFD line, the NRFD 
signal goes high, allowing the talker to place the next byte on the 


data line. 


DAV (Data Valid) -- The DAV signal line is set low by the talker a 
short time after placing a valid byte on the data lines. This signal 
tells each listener to capture the byte presently on the data lines. 


DAV can not be set low until the NRFD signal goes high. 


NDAC (Not Data Accepted) -- The NDAC signal line is set low by each 
addressed listener until they all have captured the byte currently on 
the data lines. When all listeners have captured the data byte, the 
NDAC signal goes high. With the NDAC signal high, the talker is able 
to remove the byte from the data lines and at that point set the DAV 
line high until the handshake cycle is repeated. 


ATN | 
t { 
DAV__! _ ; tt 
{ 6 
| RFD! ! ! - 
NRFD J Ls | ! L | 
(LISTENER) ! | ba 
! '  IDAC ! - 
NDAC | | ! ! | 
(LISTENER) -eiBYTE CAPTURE TIMEs= 
' 1 


: veges - os Ata s 
TALK ADDRESS FIRST DATA BYTE 
INTERFACE MSG DEVICE DEPENDENT MSG 


NOTE: Data Lines Are Active When Low 


Figure A-6. A Typical Handshake Cycle 
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The group of signal lines used to control the orderly flow of infor- 
mation across the IEEE-488 data bus is called the management bus. 
These signal lines perform such important tasks as detecting inter- 
rupts, setting a device to remote control, and announcing the end of a 


message. The five management bus signals are: 


ATN (Attention) -- The controller-in-charge uses this signal to 
specify how data on the bus are to be interpreted. It also 
specifies which devices along the bus must respond to the data. 
When ATN is set low, the data bus will convey addressed commands, 
universal commands, listen addresses (MLA), talk addresses (MTA), 
Or secondary addresses. The codes corresponding to these commands 


and addresses are defined in Appendix E of the IEEE-488 standard. 


SRQ (Service Request) -- The controller-in-charge receives this 
Signal set low by a device requesting service. The controller 
conducts a poll to determine which device on the data bus 


activated the interrupt. The controller can take the appropriate 
action by branching to an interrupt service routine. 


EOI (End Or Identify) -- The EOI line is set low to indicate the 
end of a multiple byte transfer sequence. The controller-in-charge 
executes a parallel polling sequence when the EOI and the ATN 
lines are set low simultaneously. The VideoBridge does not support 


the parallel polling mode. 


IFC (Interface Clear) -- The system controller sets this signal 
low to initialize the interface functions of all devices connected 
to the data bus, i.e., set them to an inactive state, then return 


control to the system controller. 


REN (Remote Enable) -- The system controller sets this line low to 
activate the remote mode, disabling front panels of instruments on 
the bus. This management line is not supported by the VideoBridge, 


so its state will be ignored. 
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A.2-/7 Bus Connector 


Instruments that connect to the IEEE-488 bus use a 24 contact, trapi- 
zoidal, polarized shell connector. The contact assignments for the 


connector are shown in Table A-3. 


Table A-3. IEEE-488 Bus Connector Contact Assignments 


CONTACT SIGNAL LINE CONTACT SIGNAL LINE 
13 


DIO | DIO 5 
DIO 2 14 DIO 6 
DIO 3 DIO 7 
DIO 4 DIO 8 
EOI REN 

DAV Gnd (6) 
NRFD Gnd (7) 
NDAC Gnd (8) 


OONAOaRLWN— 


IFC Gnd (9) 
SRQ Gnd (10) 
ATN Gnd (11) 
SHIELD Gnd LOGIC 


NOTE: Gnd (n) refers to the signal ground return of the 
referenced contact. 


A.2.8 Instrument Address Selection 


Bus addresses for the 2150/2160 are set via switches on the GPIB 
interface circuit card (see Figure A-7). Primary bus addresses can be 
set over the full range allowed by the IEEE-488 standard: 32 to 62 
(decimal) for LISTEN addresses and 64 to 94 (decimal) for TALK ad- 
dresses. However, the values of the LISTEN and TALK addresses are not 
independent since they share the same switch setting (see Figure 
A-7). The address switches are set in binary fashion. The LISTEN 
address is achieved by the instrument's software automatically adding 
32 to the switch setting. The TALK address is achieved by adding 64 
to the switch setting. 
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The first five switch positions, starting with the top switch 
position, are used to set the LISTEN and TALK addresses. A switch 
position is activated when its left side is down, see Figure A-?. 
The decimal values for the first five switch positions are: 1, 2, 4, 
8, and 16. In Figure A-7, switch positions 1 and 2 are activated 
providing: a value of 3, a LISTEN address of 35, and a TALK address 
of G7. 


\ 


ADDRESS BIT 1 
ADDRESS BIT 2 
ADDRESS BIT 4 
ADDRESS BIT 8 
ADDRESS BIT 16 
DON'T CARE 
DON'T CARE 
DON'T CARE 


arm, 


5 4 3 2 


Atta 


BITS 1 AND 2 SELECTED: LISTEN=3+32=35 (DECIMAL) 
oe TALK=3+64=67 (DECIMAL) 


SWITCH TAB UP ON RIGHT 
ACTIVATES SWITCH POSITION 


Figure A-7. GPIB Address Switches 
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A.2.9 RS-232C Interface (Optional on 2150/Standard on 2160) 


In 1963, the Electronic Industry Association (EIA) established a 
standard to govern the Interface Between Data Terminal Equipment and 
Data Communication Equipment Employing Serial Binary Interchange. The 
latest revision of this standard'has been in effect since 1969 and is 
known aS RS-232C. The RS-232C standard defines electrical, logical, 
and mechanical specifications for the transmission of bit serial 
information. The VideoBridge's RS-232C option Supports one 
bidirectional communication channel (channel B) that is used to 


communicate instrument setup and measurement information. 


NOTE: Tegamsupports the use of RS-232C Channel B only. 
Channel A is strictly an input channel and is reserved for 
applications programming features. Since Channel B is the 
secondary RS-232C channel, some VideoBridge pin = con- 
nections do not conform to standard configurations. To 
ensure proper data transfer, consult the RS-232C standard 
and/or the manual of the device being connected. 


A.2.9.1 Channel B 
Channel B is used in two ways: 
1. As a serial output for driving a printer. 


2. As a means to provide remote programming. Programming 
instrument setups is very Similar to that used on the 
IEEE-488 Interface Bus. 


Data flowing into Channel B are put in an intermediate queue on an 
interrupt basis. Up to two hundred characters of input are allowed 
before overflow occurs. Full lines of data can be transmitted without 


concern about lost data. 


NOTE: Entries made through channel B are not echoed back 
for display. 
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The Channel B output buffer transmits data in five sections when the 


remote display mode is activated (by including the command REMOTEON 


as part of the setup program) and the measurement is completed. 


1. A two digit error code. 

2. Measurement from the top window of the instrument. 

3. Measurement from the bottom window of the instrument. 
4. Identification of top and bottom window functions. 


5. Bin number. 


See Section A.2.16.2 for measurement output information. 


A.2.9.2 RS-232C Signal Flow 


Use of the RS-232C bus requires three lines. 


VIDEOBRIDGE 
CONNECTOR PIN SIGNAL NAME 
Channel B 
a SS 
14 Receive Data 
16 - Transmit Data 
7 Signal Ground 


"Transmit" and "receive" are as viewed from the VideoBridge. 


Figure A-8 indicates this setup when the VideoBridge is connected 
a terminal or controller--the VideoBridge transmits data on pin 


and receives data on pin 14. 


to 
16 


Figure A-9 indicates a slightly different setup when connected to a 


printer: the VideoBridge still transmits data on pin 16 but receives 


a "Clear To Send" signal (CTS) from the printer on pin 13. 
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CHANNEL B 


2150/2160 TERMINAL 
RECEIVE 


2 
TRANSMIT 


3 
SIGNAL GROUND 5 


Figure A-8. RS-232C VideoBridge—to-—Terminal Connections 


CHANNEL B 


2150/2160 
TERMINAL PRINTER 


13 


Figure A-9. RS-232C VideoBridge-to—-Printer Connections 


RS-232C HANDSHAKE FUNCTIONS ARE NOT SUPPORTED BY THE MODEL 2150/2160. 


This is because the RS-232C handshake signal lines are internally 


tied together within the VideoBridge, disabling the functions. 


Pin 4 -- Request to Send (RTS) 
Pin 5 -- Clear to Send (CTS) 
Pin 8 -- Data Carrier Detect (DCD) 


are connected together. 


Pin 6 -- Data Set Ready (DSR) 
Pin 20 -- Data Terminal Ready (DTR) 


are connected together. 
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A.2.10 Data Format 


The VideoBridge transmits and receives RS-232C data in 8-character 
word lengths: 7-bit ASCII data plus one Null bit. Also included in 
the string are one Start bit and one Stop bit. 


THERE ARE NO PARITY GENERATION OR CHECKING BITS. 


ONE START BIT (1) 
(IDLE) (1 DLE) 


SEVEN DATA BITS (2 THRU 8) 
IBBOBGBORE ONE NULL BIT (9) 


ONE STOP BIT (10) 


Figure A-10. Data Format 


A.2.11 Signal Levels 


Tables A-4 and A-5 show the signal levels specified by the RS~-232C 
standard. The signal states shown in Table A-4 apply to the Receive 


and Transmit signals. Table A-5 applies to all control inputs. 


Table A-4. RS-232C Receive and Transmit Signal Levels 


SIGNAL STATE 
NOTATION : 
POSITIVE NEGATIVE 


BINARY STATE ] 0 

SIGNAL CONDITION ]} TRUE FALSE 
VOLTAGE LEVEL +3V to +25V} -3V to -2V 
Table A-5. RS-232C Control Signal Levels 


SIGNAL STATE 
NOTATION 


POSITIVE NEGATIVE 
BINARY STATE 0 1 


SIGNAL CONDITION [ SPACING MARKING 
FUNCTION ON OF F 
VOLTAGE LEVEL +3V to +25V | -3V to -25V 
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Ae-2-l12 Bus Connector 


Connections to the RS-232C option require a 25-contact, trapezoidal, 
polarized-shell connector; Tegam P/N 26430, Manufacturer P/N CINCH 
DB-25P. "Transmit" and "receive" are as viewed from the VideoBridge. 


Pin assignments used by the RS-232C option are as follows: 


Table A-6. RS-232C Pin Assignments 


CONNECTOR 
PIN SIGNAL LINE 


Chassis Ground | 
Received Data from terminal (RS-232C IN) 
Transmitted Data to terminal (RS-232C OUT) 
Request to Send (Channel A) 

Clear to Send (Channel A) 

Data Set Ready (Channel A) 

Signal Ground 

Data Carrier Detect 

Clear to Send (Channel B) 

Receive Data (Channel B) 


Transmit Data (Channel B) 


ht FY 
Oo Sb W ON DO WM A W DY FB 


NO 
O 


Data Terminal Ready (Channel A) 
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A.2.13 Selecting the Baud Rate 


Baud rate is equivalent to bits per second. Both communication 
channels of the RS-232 Interface can be switched to any one of the 


following nine baud rates: 


1--9600 4--1200 7-- 150 
2--4800 5-- 600 8--1800 
3--2400 6-- 300 9-—- 110 


As shown in Figure A-ll, there is a switch for each channel on the 
RS-232/Cassette Interface circuit card (P/N 52674). The 
corresponding switch position precedes each available rate. Position 
10 on either switch is not connected. The RS-232/Cassette Interface 
circuit card is shipped with channels A and B switched to 9600 baud 


(position 1). 


To select another baud rate for channel B, Slide the lever on switch 
S2 to the appropriate number for the desired rate. For channel A, do 


the same on switch Sl. 


Ol68 L9G VvVEZTZI 


Figure A-ll. Selecting the Baud Rate 
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A.2.-14 Cable Length 


Cable length for RS-232C transmission will vary according to the baud 
rates selected. For maximum transmission rate of 9600 baud, a cable 
length of less than 100 feet must be used. The capacitance of the 
cable must be less than 5000 picofarads. The essential parameter is 
the signal risetime which must be less than 1/2 the bit width so that 


the sampled signal will be correct. 


Each time the baud rate is halved the allowable risetime doubles and 
the acceptable cable capacitance doubles. Therefore, 4800 baud can be 
transmitted over 200 feet; 2400 baud will work at 400 feet. 


A.2.15 Remote Device Option Installation 


TO AVOID PERSONAL INJURY FROM ELECTRIC SHOCK DO NOT REMOVE 
INSTRUMENT COVERS OR PERFORM ANY MAINTENANCE OTHER THAN 
DESCRIBED IN THIS INSTRUCTION MANUAL. INSTALLATION AND 
MAINTENANCE PROCEDURES DESCRIBED HERE ARE TO BE PERFORMED BY 
QUALIFIED SERVICE PERSONNEL ONLY. 


TO AVOID DAMAGE TO CIRCUITRY, TURN AC POWER OFF WHILE 
PLUGGING IN OR REMOVING CIRCUIT CARDS. 


Installation of remote device options involves plugging in the GPIB 
circuit card (Tegam P/N 46114) or the RS-232C Interface circuit card 
(Tegam P/N 52674). 


The remote device circuit card may be plugged into either J4 or J5 
(Figure A-12). J1, J2 and J3 are not used. All empty circuit card 


slots should be covered with the jumper wires provided. 
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The Model 2160 comes with RS-232C Interface capability standard. It 
is installed in card slot J5. Either the GPIB option or the Handler 


Interface option may be installed in card slot J4. 


The Model 2150 can accommodate any two of the three available 
VideoBridge options -- Handler, GPIB, or RS-232C. The Handler card MUST 
be installed in card slot J4, but the GPIB and RS-232C cards may be 
installed in either J4 or J5. 


ANALOG, P/N 53675 


CASSETTE INTERFACE/RS232 INTERFACE, DIGITAL, P/N 53522 
(Option 2150) P/N 52674 | UY 


or GENERAL PURPOSE INTERFACE, OPTION 
(Option) P/N 46114 


HANDLER INTERFACE, OPTION 
(Option) P/N 46903 
THIS SLOT ONLY 


STORED DC ant 


ESENT INSIDE Tels COVE 
£40 AND FOLLOW PROOUCT uaL 


be 
1) 
ws 
o 
<a 
- 
- 
o 
> 
w 
2 
(2) 
« 
Lind 
° 
2 
<« 
a 
Fd 
z 
< 
z 

7 


LINE AC. HIGH VOLTAGE. AND 
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Figure A-12. Remote Device Options Circuit Card Locations 
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A.2.16 Remote Programming 


For convenience, using the IEEE-488 bus or Channel B of the RS-232C 


Interface can be split into two phases: Instrument Setup and Result 
Accumulation. 


A.2.16.1 Instrument Setup 


The VideoBridge continuously checks for input from the remote device 
bus as it takes measurements or waits for input. If remote input is 
available, the instrument keyboard may be disconnected while the 
IEEE-488 or the RS-232C (Channel B) bus is connected as the input 
device. Characters are received from either bus as ASCII character 
strings and submitted to the 2150/2160 in the same manner as 


keyboard characters. In other words, transmitting the string: 


5 1 BIN# <CR> <LF> 


over the remote bus will be like performing the same operation at the 
2150/2160 keyboard. The key to programming is that the string 
submitted over the remote bus must be exactly what appears on the 
CRT when the 2150/2160 keys are pushed (see Table A-7). For example, 
when the mV button is pushed, MILLIVOLTS appears on the screen in the 
operator communication area. It is always what appears on the Video- 
Bridge CRT and not what appears on the keyboard which must be 


transmitted over the remote bus. 


NOTE: Neither the CALIBRATE function nor any of the cassette 
tape functions via remote programming are supported by the 
VideoBridge. Test codes 22 and -22 are supported, but once 
stored zero offsets have been erased, any new ones must be 
entered from the VideoBridge keyboard. 


NOTE: Neither messages nor data entries are displayed in the 
bottom portion of the CRT when input by remote programming. 
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Table A-7. Model 2150/2160 Remote Setup Dictionary 
REMOTE 

KEYBOARD PROGRAMMING 

COMMANDS COMMANDS DESCRIPTION 

Ce he a a a Na aN I ID 
UNIT CONTROL 

C C Capacitance 

L L Inductance 

Y/Z Y/Z Admittance (Y)/Impedance (Z) 
G/R G/R Conductance (G)/Resistance (R) 
B/X B/X Susceptance (B)/Reactance (X) 

D D Dissipation factor 

fe) Q Quality factor 
NUMBER SCALING CONTROL 

ap aPICO Pico Lo 

an aNANO Nano 10 

au aMICRO Micro 107° 

am aMILLI Milli 10, 

ak aKILO Kilo 107 

aM aMEGA Mega 10 


MAIN CONTROL 


FAST FAST Set to 5 samples/measurement sequence 
MED MEDIUM Set to detector (or generator) reversal, 
take normal measurement 
SLOW SLOW Set to detector (or generator) reversal, 
take higher accuracy measurement 
STAT STATUS Go to status screen 
SGL SINGLE Take a single measurement 
CONT CONTINUOUS Take measurements continuously 
-7 CODE -/ CODE Simulate power-up reset 
22 CODE 22 CODE Suspend use of zero offset corrections 
-22 CODE -22 CODE Erase all stored zero offset corrections 


GENERATOR CONTROL 


aHz aHZ Set test frequency 

amv aMILLIVOLTS Set test level (voltage) 

amA aMILLIAMPS Set test level (current) 

AUTO AUTO Auto range on 

HOLD HOLD Range hold on (hold range of d-u-t) 
an 5 CODE aNANO 5 CODE Set to delay range hold for anF 


a bn 5 CODE a b NANO 5 Set to delay range hold + specific 
CODE tolerance for anF (see Section 2.5.3.1) 


NOTE: Numerical arguments are indicated by a, b, c,... for 
commands requiring them. 
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Model 2150/2160 Remote Setup Dictionary (cont) 


en atta 


Table A-7. 
REMOTE 
KEYBOARD PROGRAMMING 
COMMANDS COMMANDS 


DESCRIPTION 


aaa 


GENERATOR CONTROL (cont) 


25 CODE 
-25 CODE 


25 CODE 
-25 CODE 


MEASUREMENT CONTROL 


aSETL aMS-SETTLING- 
TIME 

al.T. aINTEGRATION— 
TIME 

aAVG aSAMPLES-— 

~ AVERAGED 


DISPLAY CONTROL 


% MODE * MODE 
ABS MODE ABSMODE 
DEV DEVIATION 
DIR DIRECT 
SORT SORT 
26 CODE 26 CODE 
a 27 CODE a 27 CODE 
~ 21 CODE 21 CODE 
17 CODE 17 CODE 
8 CODE 8 CODE 
-8 CODE -8 CODE 
4 CODE 4 CODE 
-~4 CODE ~4 CODE 
BIN CONTROL 
aMINOR aMINOR 
ab cBIN# a b cBIN# 
a bBIN# a bBIN# 
aNOMINAL aNOMINAL 
NOMINAL NOMINAL 
2 CODE 2 CODE 
-2 CODE -2 CODE 
15 CODE 15 CODE 
-15 CODE -15 CODE 
NOTE: 


generator reversal if <200Hz 
detector reversal 


Set explicit settling time in ms 
Set explicit integration time in ms 


Set explicit number of averages 


Set to percent mode 

Set to absolute mode 

Go to absolute/percent deviation display 
Go to direct reading display 

Go to sort mode display 
Display values in 
VideoBridge CRT 

Set minimum digits 

Go to GO/NO-GO display 
Go to Auto LRC display 
Go to no-display handler mode 

Go to handler mode with values displayed 
Display D in parts per million 

Display D normally 


SORT display oon 


Minor reject limit 

Set upper and lower limits a, b on Binc 
Set limits of +/- a% on Bin b 

Set nominal value — ~ 

Set nominal value to current reading 
Clear bin counts 

Clear all bin limits and counts 

Bin priority (bad D, low C into bin 0) 
Bad D into bin R (normal) 


Numerical arguments are indicated by a, b, cC,... for 
commands requiring them. 
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Table A-7. Model 2150/2160 Remote Setup Dictionary (cont) 


REMOTE 
KEYBOARD PROGRAMMING 
COMMANDS COMMANDS 


DESCRIPTION 


Sa Te a ART CE EE TL ET ET TE Se IL Se SE EE RT TE AEC NATE SITET TT SE REE I ETT IT SNE GENE ET, ETT IIL ITE GETTER OT ISAT, 


BIN CONTROL (cont) 


16 CODE 16 CODE 
-16 CODE -~16 CODE 
INPUT CONTROL 
LOCK 
UNLOCK 
9 CODE 9 CODE 
-9 CODE -9 CODE 
OUTPUT CONTROL 
SCREENON 
SCREENOFF 
REMOTEON 
REMOTEOFF 
REMOTE[ 
J 
1 CODE 1 CODE 
-l CODE ~l CODE 
10 CODE 10 CODE 
-10 CODE -10 CODE 
11 CODE li CODE 
23 CODE 23 CODE 
-23 CODE -~23 CODE 
24 CODE 24 CODE 


ZERO-POWER RAM (NON-VOLATILE 


6 CODE 6 CODE 


-6 CODE -6 CODE 


Use output of bin ll for end of 
conversion (analog busy) 
Use output of bin ll for binning 


Lock keyboard 

Unlock keyboard 

Lock keyboard (except SGL key) 
Unlock keyboard 


Update values on screen 

Don't update values on screen 

Output measurements to GPIB or RS-232C 

Don't output to GPIB or RS-232C 

Temporarily disconnect the keyboard and 
the external START switch (start of 
setup) 

Reactivate the keyboard and external 
START switch at the end of the setup, 
unless the command was part of the setup 

Turn Bias On 

Turn Bias Off 

Output measurements to Channel B (RS-232C 
only) 

Stop output to Channel B (RS-232C only) 

Output setup and binning data Channel B 
(RS-232C only) 

Turn off SRO when addressed to talk (GPIB 
only) 

Turn off SRQ only on serial poll (GPIB 
only) 

Display GPIB address setting (GPIB only) 


MEMORY ) 


Save all VideoBridge data into ZRAM, 
update bin counts 

Retrieve data from ZRAM, begin updating 
bin counts 
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Table A-7. 


Model 2150/2160 Remote Setup Dictionary (cont) 


I 


KEYBOARD 
COMMANDS 


PROGRAMMING 
COMMANDS DESCRIPTION 


as 
KEYBOARD COMMANDS NOT SUPPORTED FOR REMOTE USAGE 


3 

7 
12 
13 
14 
18 
19 


CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
CODE 


20 CODE 
-20 CODE 
LOAD 
SAVE 

i] 


DEL 
ENTER 
CAL 


OUTPUT STRING FORMAT AND ERROR CODES 


OO, -1.23456E-06, 


-1.23456E 23, CSD_, 10 


=a? Number 
Bottom Function 
Top Function 
Bottom window display 
Top window display 


OO No error 
Ol Can't Supply 
O02 Analog Error 


Error Code 


code assignments for 2150/2160. 


03 Analog Error--Can't Supply 
04 Calculation Error 
05 Calculation Error--Can't Supply 
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The remote input is not echoed on the screen. Carriage returns <CR> 
are necessary; line feeds <LF> are optional. With the exception of 


"REMOTEL" and "]", multiple commands can appear on the same line. 


SETUP COMMENTS 


The percent sign (%) is used to separate comments from the 
information which is to be acted upon by the 2150/2160. Therefore, 
comments can be included with the setup information as shown in the 


example that follows. 
SEPARATORS 


All numbers, words, and comments in the setup strings must be 
separated by either SPACES, TABS, or be followed by a CARRIAGE 
RETURN. 


LINE TERMINATION 


Line feeds are accepted and discarded. A carriage return is all that 


is required. 
UPPER AND LOWER CASE 


Lower case characters are equivalent to upper case characters when 
naming definitions in the dictionary. When in doubt, use upper case 


characters. Comments can be either upper or lower case characters. 
REMOTE [ 


REMOTE[ disables the 2150/2160 keyboard and directs error messages 
normally appearing in the bottom reverse video line of the 2150/2160 
to the remote device. It also disables the instrument from taking 
measurements during the setup phase. It is absolutely necessary that 
this word appear on a line by itself! 
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"]" restores the instrument to measurement mode and, if the setup 
didn't lock out the keyboard, re-enables the keyboard, and generally 


undoes any change made by REMOTE[. "]" also must appear on a line by 
itself! 


ERRORS DURING SETUP 


If one or more errors occured during the remote setup, (between 
"REMOTE[" and "]") the message "ERRORS SEEN" will be transmitted. If 
the setup went well, the string "NO ERRORS" will be transmitted. This 
information becomes available after the "J" is processed by the 


instrument. 
DATA OVERFLOW 


Data flowing into the RS-232C Interface option is placed in an inter- 
mediate queue, on an interrupt basis, allowing up to 200 characters 
of input to back-up before overflow occurs. This technique allows 


full lines of data to be transmitted without concern about lost data. 


Data overflow temporarily suspends the bus (NRFD is activated on the 
GPIB option) and should be considered carefully if several 
instruments require prompt service. One may always construct the 
setup in multiple phases of less than 200 characters each and then 


wait for phase completion before transmission of the next phase. 
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SETUP CAUTIONS 


During the setup phase it is convenient to issue a STATUS command so 
the process of bin setup is visible on the screen. Remember that 
When the setup is complete, STATUS must be issued again to toggle the 
instrument back to the chosen measurement mode. Otherwise, the SINGLE 
measurement commands will not result in the transmission of 


measurement data to the remote device. 


To allow fastest setup times and also to ensure that the remote input 
will not be disturbed by keyboard or measurement input between 
successive lines of setup information, the first character output 


(instruction in the program) should be: 
REMOTEL[ 


which temporarily disconnects the keyboard and external START switch 
(i.e. do not use SINGLE or CONTINUOUS). This entry must be on a line 
by itself followed by a carriage return before additional input will 
be accepted by the 2150/2160. 


The "]" character is issued at the end of the setup phase to restore 
the instrument to its measurement loop and make the keyboard active 
again. "]" automatically transmits error information. The setup 
program must explicitly lock the keyboard out if that is desired. 
This may be done with the LOCK command. After the desired 


measurements have been made, the instrument can be UNLOCKed. 


A - 35 
2150/2160 


In summary, the procedure for remote setup is: 


STEP 1. Sit down with a pad of paper and write what appears on the 
screen as you push the keys and manually set up the 


instrument. 


STEP 2. Insert "REMOTE[" at the start of this list of words and me 
at the end. Be sure that these two entries are each entered 


on a separate line apart from the other entries. 


STEP 3. Write a program, in the language of the computer which will 
be setting up the 2150/2160, which outputs this list of 


words to the remote programming device. 
STEP 4. AFTER THE LIST HAS BEEN TRANSMITTED, REQUEST AN OUTPUT FROM 
THE 2150/2160 (TAKE ONE READING WITH '"SINGLE') AND MAKE 


CERTAIN NO ERRORS ARE ENCOUNTERED. 


Example Setup: 


REMOTE[ 
REMOTEON % MEASUREMENT RESULTS INTO REMOTE BUFFER 
SCREENOFF % LOCK OUT CRT DISPLAY 
LOCK % LOCK OUT THE KEYBOARD 
1000 HZ % SET FREQUENCY 
FAST % SET TO PRESET 'FAST' SPEED 
C D % MEASUREMENT FUNCTIONS 
SERIES %¢ SERIES EQUIVALENT CIRCUIT 
1 41 BIN# 
5 2 BIN# 
10 3 BIN# 
20 4 BIN# % SET UP BIN VALUES 

100 NANO NOMINAL % NOMINAL VALUE 

~0005 MINOR % SET MINOR REJECT VALUE 

J % END OF SETUP 
SINGLE % REQUEST FIRST READING 
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A.2.16.2 Result Accumulation 
Special Display Words 


A word display is used to indicate some form of output (see Table 
A-7). One form is the top and bottom displays on the instrument 
screen--the one formed in large characters. Another is the more 
standard floating point numbers which are output to the remote device 
after it has issued a SINGLE command. The conversion of an inner 
floating point representation to a string of characters suitable for 
display takes considerable processing time. The following words were 


devised so the time between measurements can be as brief as possible. 
SCREENON/SCREENOFF 


This pair of words enables and disables the large video display on 
the screen of the 2150/2160. When the instrument is not being 
monitored on site and the measurement results are being transmitted 


by remote output, SCREENOFF will greatly increase measurement speed. 


REMOTEON/REMOTEOFF 


REMOTEON must be part of the setup information before measurement 
results are transmitted to the remote device which last transmitted 


information to the 2150/2160. The output string looks like this: 
OO, -1.23456E-06, -1.23456E 23, CSD_, 10 

Bin Number 

Bottom Function 

Top Function 


Bottom window display 
on CRT 


Top window display on 
CRT 
Error Code 


F 
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The field sizes are fixed so FORTRAN programs can use fixed field 


format statements to receive the input. 
LOCK/UNLOCK 


LOCK is issued in the setup phase to lock out the keyboard of the 
instrument during remote operation. UNLOCK can be issued at the 
termination of a run to restore control, -9 CODE can be entered, or 
the keyboard can be unlocked by temporarily grounding pin 21 of the 


Handler Interface circuit card. This overrides the remote device. 


A.2.16.3 Measurement Protocol 
The protocol for taking GPIB measurements is 


~Controller addresses the 2150/2160 as a listener. 

-~Controller issues a SINGLE command. 

-~2150/2160 takes a measurement and stores the result in a buffer, 
sets the service request (SRQ) line at completion. 

-Controller performs a serial poll and inputs the status byte from 
the 2150/2160. 

~Controller addresses the 2150/2160 as a talker and reads the buffer. 


Refer to Section A.2.18, GPIB Sample Program. 


NOTE: If the controller is unable to conduct a serial poll 
(which is necessary to unassert the SRQ line), enter 23 
CODE. The SRO line will now be automatically reset after the 
measurement results have been read by the controller. This 
prevents the SRO line from remaining asserted once the 
VideoBridge data is no longer in the buffer. 


NOTE: VideoBridge protocol does not support continuous mode 
measurement. The controller must initiate each measurement 
with a SINGLE command. If continuous mode is used, the 
VideoBridge may write to the middle of the buffer at the 
same time the controller is reading the buffer. 
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When a serial poll is conducted, the VideoBridge returns a status byte 


to the controller. This byte will have one of three values: 


(0) -- all bits are zero: the VideoBridge is not busy, and SRQ has 


not been asserted. 


(1) -- the first bit is one, the rest are zero: the VideoBridge is 


busy, SRQ has not been asserted. 


(64) -- the seventh bit is one, the rest are zero: the SRO has been 


asserted. An error message will be transmitted. 


If the controller does not conduct a serial poll between commanding 


measurements, the previous measurement will be written over. 


A.2.17 Calibration 


The 2150/2160 needs no adjustment, other than normal calibration, when 
the GPIB or the RS-232C option is installed. Neither circuit assembly 


contains service adjustments. 


L_wansino 


TO AVOID PERSONAL INJURY FROM ELECTRIC SHOCK DO NOT REMOVE 
INSTRUMENT COVERS OR PERFORM ANY MAINTENANCE OTHER THAN 
DESCRIBED IN THIS INSTRUCTION SHEET. INSTALLATION AND 
MAINTENANCE PROCEDURES DESCRIBED IN THIS INSTRUCTION SHEET 
ARE TO BE PERFORMED BY QUALIFIED SERVICE PERSONNEL ONLY. 
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A.2.18 GPIB Sample Program 


A sample GPIB program written on a Hewlett-Packard HP85B is listed, 


followed by remarks. 


address 701 in the program. 


Program: 
SEL EES AI LL I I TE TIT MTT IT IIE DS SPT NL TELE RE ELIE ET PT 
4ZY DIM AS [5¢] 

59% DIM c$ [5G] 

55¢@ OUTPUT 791 ; "REMOTEON" 

60% OUTPUT 7971 ; "REMOTE[ " 

80% PRINT "ENTER SETUP COMMAND" 
OGY PRINT "THEN PRESS RETURN" 
1Q9@@ PRINT "IF NO MORE COMMANDS" 
119% PRINT "TYPE '@ RETURN'" 
120% INPUT CS 
139% PRINT CS 
135% PRINT "" 

14%9@ CLEAR 

1508 IF cS="%9" THEN GOTO 1899 
16¢Y OUTPUT 79%1 ; CS 

17G@ GOTO 1299 

18G@ OUTPUT 771 ; "j" 

190¢ PRINT "# OF MEASUREMENTS" 
200 INPUT J 

2190 PRINT J 

220% FOR I=l1 TO J 

23GG OUTPUT 771 ; "SINGLE" 
249% S=G 

250% S=SPOLL (791) 

2699 IF S>=64 THEN GOTO 2899 
270% IF S=@ THEN GOTO 2409 
280¢@ ENTER 7@1 ; AS 


1299 


1589 
1699 
1789 
1899 


29929 


2299 
2399 


2489 
2599 


2689 


2799 
2899 


A - 40 
2150/2160 


The HPIB address is 700 and the 2150/2160 IEEE 


address was set at l, so talk or listen functions will show the 


Remarks: 


RR SEGRE CTR TS ES ONE NT ELL EE ETS I OTT AES 


Open field for measurement 
string. 

Open field for command string. 
Send REMOTEON to 2159/2169. 
Temporarily disconnect keyboard 
and start switch. 


Input one command from remote 
setup dictionary. 


If c$S=% then goto measurement 
portion of program. 

Address 2159%/216% and send 
command. 

Return to setup routine if C$ 
not @. 

Re-activate screen and keyboard 
at end of setup. 


Operator inputs number of 
single cycle operations the 
2159/2168 will perform. 


'T' will be the number of 
operations. 

Address the 215@/216% and send 
the 'SINGLE' command. 


Set variable S to @. 

Monitor the 2159/216% to see 
if the SRO has been set. 

If SRO is set then address 
the 2159/2169 and print the 
measurement string. 

Tf SRO has not been set then 
remain in SRO monitor mode. 
Address 2159%/216% and read 
output string. 


Program: Remarks: 


a OA A AIL SE SD ER LEGIT, ISO NS A RS PE LOTR ED, 


299% PRINT AS : 290% Print output string. 

39% NEXT I 390% Repeat single cycles until 
Operator number is reached. 

319% GOTO 88¢ 319% Return to setup routine. 

329% END 


Sample Output (see Section A.2.16.2 for Output String format): 


ENTER SETUP COMMAND 
THEN PRESS RETURN 
IF NO MORE COMMANDS 
TYPE '@ RETURN' 

-2 CODE 

1%@ NANO NOMINAL 


-%5 MINOR 
1 1 BIN 
5 2 BIN 

1% 3 BIN 

2% 4 BIN 

199% HZ 

LOCK 

FAST 

oe 

D 

SCREENOFF 

g 

# OF MEASUREMENTS 1g 


SH tt OH: HE 


OZ, 19%.7E-G9, 89G.E-G6, CSD 
GZ, 1G0.7E-99, 8G@%.E-G6, CSD 
SD, 19%. 7E-G9, 8BYO.E-G6, CSD 
OZ, 190.7E-99, 8%@.E-@6, CSD 
OZ, 19%.7E-G9, 80G.E-G6, CSD 
OO, 19%.7E-@9, 890.E-G6, CSD 
GZ, 19%.7E-G9, 8@%9.E-%6, CSD 
OZ, 19%.7E-G9, 8GG.E-G6, CSD 
OZ, 19%.7E-99, 8GG9.E-%6, CSD 
OZ, 19%.7E-@9, 899 .E-G6, CSD 


~ =a = » » ses *s® *® » ™® 
eae 


ENTER SETUP COMMAND 
THEN PRESS RETURN 
IF NO MORE COMMANDS 
TYPE '@ RETURN' 
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A.2.19 RS-232C Sample Program 


A sample RS-232C program written on a Hewlett-Packard HP85B is listed, 


followed by output and remarks. The program address code is 1@. 


Program: Remarks: 
a 
1% DIM AS[5@] 1 Open field for measurement 
string. 
2% DIM cS[5G] 29 Open field for command string. 
39 OUTPUT 1% ; "REMOTEON" 38 Send "REMOTEON" to 2159/216¢. 
4% OUTPUT 1%; "REMOTE[" 48 Temporarily disconnect keyboard 
and start switch. 
5% CLEAR | 
6% RESET 19 6% Clears HP85B RS-232C buffer 


7% DISP "ENTER SETUP COMMAND" 
8% DISP "THEN PRESS "RETURN!" 
9% DISP "IF NO MORE COMMANDS" 
19% DISP "TYPE '9 RETURN'" | 
11¢ INPUT CS 118 Input one command from remote 
setup dictionary. 
12¢ DISP CS 


139 CLEAR 

149 IF cS="%" THEN GOTO 179 149 If cS=%, then go to measurement 
portion of program. 

15%@ OUTPUT 19 ;CS$ 15@ Address 215%/216% and send 
command. 

16% GoTO 11¢ 168 Return to setup routine if C§ 
not @. 

17G OUTPUT 1% ;"]" 17G@ Re-activate screen and keyboard 


at end of setup. 
18%¢ ENTER 19 ;CS 
19% DISP "# OF MEASUREMENTS" 
29% INPUT J 290 Operator inputs number of 
single cycle operations the 
2150/216% will perform. 


21% DISP J 

229 FOR I=% TO J 220 'I' will be the number of 
operations. 

239 OUTPUT 1% ;"SINGLE" 23 Address the 215%/216% and send 
the 'SINGLE' command. 

249 ENTER 10; AS 249 Address the 2159/216% and read 
the output string. 

25% DISP AS 258 Print the output string. 

26% NEXT I 268 Repeat single cycle 
measurements until operator 
number is reached. 

27% GOTO 39 270 Return to setup routine. 

28% END 
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Sample Output (see Section A.2.16.2 for Output String format): 


ENTER SETUP COMMAND 
THEN PRESS RETURN 
IF NO MORE COMMANDS 
TYPE '@ RETURN' 

-2 CODE 

19% NANO NOMINAL 


-@5 MINOR 
1 1 BIN 
> 2 BIN 
1g 3 BIN 
2G 4 BIN 

199M HZ 

LOCK 

FAST 

C 

D 
SCREENOFF 


Se =H OH OH 


# OF MEASUREMENTS 19 
NO ERRORS 


OB, 10%.7E-G9, 8G%.E-%6, CSD 
GZ, 190.7E-G9, 8@@.E-G6, CSD 
GP, 19%.7E-99, 8Y9%.E-Y6, CSD 
GZ, I190.7E-99, 89Y.E-%6, CSD 
GY, 190%.7E-G9, 89%.E-96, CSD 
GB, 18%0.7E-G9, 8YG.E-%96, CSD 
GB, 1G0.7E-G9, 8Y%.E-G6, CSD 
OO, 19%.7E-@Z9, 89%G.E-96, CSD 
OY, 18%0.7E-G9, 80%8.E-%6, CSD 
GZ, 19%.7E-G9, 8GG.E-%6, CSD 


ba i i, i, i, i i, in | 
bb Se 


ENTER SETUP COMMAND 
THEN PRESS RETURN 
IF NO MORE COMMANDS 
TYPE '@ RETURN' 
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A.3 NON-VOLATILE MEMORY 


The Non-Volatile Memory option allows the VideoBridge to save 
measurement and binning information when line voltage drops 
sufficiently to affect power supply levels or when the instrument is 
turned off. The option consists of a factory-installed 2K ZRAM (Zero 
Power Random Access Memory, P/N 55843) chip, U3l, located on the 
motherboard. To engage this option, program test code 6 according to 


the instructions in Section 2.1.1.1. 


When 6 CODE is programmed, the VideoBridge still functions in the 
normal manner. The ZRAM, however, 

1) stores the display and binning setup, including all zero 
calibration offsets. This data is not updated; it is retained 
regardless of changes made after entering 6 CODE. 

2) continuously updates the bin count. It is, in a sense, 
"waiting" for a power loss condition, when it will retain its 
last updated bin count data. 


NOTE: Zero offsets are valid only under the conditions they 
were taken. Calibrated offsets retrieved from ZRAM may not 
be valid due to changes from original calibration 
conditions. If there is any question as to the validity of 
these stored offsets (due to repositioned test leads, 
changes in environment, different test fixture, etc.), 
simply take a measurement of the fixture or clips. The 
resistance reading should be zero, or nearly zero. If not, 
the fixture or clips need to be re-calibrated. 


Once power has been restored, enter -6 CODE to recall the last 
updated bin count from the ZRAM (the ZRAM will also recall the 
original direct display setup, including zero calibration information 
present at _ the time 6 CODE was entered). Push <STAT> and the 
VideoBridge will display the bin count it had at the time of the 


power loss. 
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Entering 2 CODE will reset all bin counters to zero in both normal 
RAM and ZRAM. -2 CODE will reset bin limits and bin counters in 


normal RAM along with the bin counters in ZRAM. 


NOTE: When 6 CODE is first programmed, zero calibration 
offsets are stored for convenient retrieval in case of power 
outage. Should different calibration offsets be made before 
an intentional power down, -6 CODE will recall the original 
calibration settings. To prevent the use of an undesired 
setup, enter -6 CODE, -22 CODE, and re-calibrate. 


DO NOT ENTER TEST CODE 6 OR TEST CODE -6 WITHOUT ZRAM OPTION 
INSTALLED. 


After power has been turned off and back on again, the VideoBridge 


will be in its normal power-up condition--Auto LRC. 


Handler modes (8 and -8 CODE) and Keyboard Lock (9 CODE) are not saved 
in Non-Volatile Memory. When power is restored and -6 CODE is entered, 
any of these test codes which had been previously activated must be 


re-entered to completely restore operation. 
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A.4 +200 VOLT DC BIAS OPTION (SP5240) 


The Model SP5240 is a Model 2150 or 2160 VideoBridge with a factory 
installed option of extended DC bias capability. All other SP5240 
features, functions, and specifications are identical to those of the 
Model 2150 or 2160. 


A DC bias of up to +200V can be applied to the rear panel bias 
terminals. Be sure to observe polarity. The Bias Voltage is not 
applied to the unknown until test code 1 is programmed. Measurements 
with bias are available for capacitance only. The bias supply must 
have low ripple with internal current limit of 100mA and its AC output 
impedance must be less than 1 ohm at the test frequency. If the bias 
source impedance is not low compared to the unknown, a bypass 
capacitor whose impedance is 1/5 of the range resistor used can be 
connected across the bias terminal posts. The procedure for applying 
and removing +200V DC bias is the same as described for +50V DC bias 


in Section 2.10 of this manual. 
Changes to the analog card for the +200VDC option are as follows: 
Analog Circuit Assembly, P/N 53675 changes to P/N 56482 


C4 and C29, P/N 45645 (100V rating), change to P/N 56473 (250V 
rating) 


CR22, P/N 55494 (surge arrestor) changes to P/N 56474 (surge 
arrestor). 


ELECTRICAL SHOCK HAZARD EXISTS WHEN A_ BIAS SUPPLY I5 
CONNECTED TO THIS INSTRUMENT. USER SUPPLIED BIAS VOLTAGE MAY 
BE PRESENT AT INSTRUMENT TERMINALS AND TEST FIXTURES. USE 
ONLY BIAS VOLTAGES UP TO +200VDC AND BIAS SUPPLIES CURRENT 
LIMITED AT 100mA. DO NOT TOUCH, CONNECT, OR DISCONNECT THE 
UNKNOWN COMPONENT OR BNC CABLES WHILE A BIAS VOLTAGE I5 
APPLIED. FAILURE TO OBSERVE THIS WARNING MAY RESULT IN SEVERE 
INJURY OR DEATH. 
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B.1 GENERAL HANDLER INTERFACE CIRCUIT ASSEMBLY (P/N 47895) 


CIRCUIT NO. 


C1-c5 
C6,C7 

C8 

J2 
K1-K13 
R2 
U1l,U2,U10 
U3,U4,U5 
U6 

U7 

U8 

U9 

Ull 

Ul2 


APPENDIX B 
OPTIONS PARTS LISTS AND DIAGRAMS 


DESCRIPTION 


PC BOARD, 
CAPACITOR, 
CAPACITOR, 
CAPACITOR, 


HANDLER INTERFACE 
0.01 microfarad, 50V CERAMIC 
50V CERAMIC 


25V ELECTROLYTIC 


1.0 microfarad, 
100 microfarad, 
CONNECTOR, 36 PIN, FEMALE 
RELAY, 1 FORM A, 5VDC, 14 PIN DIP 
RESISTOR, 120 ohm, 1/4W, 10% 
RESISTOR, NETWORK, SIP, 10 PIN, 
IC, 7407 

IC, 7406 

Ic, TIL119, OPTO-ISOLATOR 

IC, 4N28 OPTO-ISOLATOR 

IC, 8304 
Ic, 8131 
Ic, 3881 
BRACKET, 
BRACKET, 
SOCKET, 
SOCKET, 
SOCKET, 
SOCKET, 
SOCKET, 


2.2 kilohm 


CONNECTOR, 
GROUND 

IC, © PIN DIP 
IC, 14 PIN DIP 
Ic, 16 PIN DIP 
IC, 20 PIN DIP 
IC, 40 PIN DIP 


MTG 
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. PART NO. 


46902 
12144 
43852 
13683 
15739 
24804 
13908 
45846 
24076 
20678 
44224 
20674 
45262 
45527 
47884 
45166 
45951 
45831 
19189 
20860 
45660 
41342 


Figure B-l. General Handler Interface Circuit Assembly (P/N 47895) 
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+5V vial 


i COMMON 
2 BIN 0 
3 BIN 1 
4 BIN 2 
5 BIN 3 
G BIN .4 
7 BIN 5 
eae BIN 6 
> BIN 7 
io ©6hBIN 8 
a7 <i1 BIN 9 
ne UG WA — (}] Twas 
AG 5 we hy 
ee , | 2 @ BIN 10 
i7 BIN R 
\5 BIN 1 


+5V ———«<ia  +5V 
i3 GND 


ia BUSY 


cio BUSY COMMON - 


os i+ START TEST 


ee START TEST COMMON 
ie BI KEVYEOCART UNLOCK 


KI-KIZ TYP 


NOTE: 
1. ALL RESISTOR VALUES ARE IN OHMS, 


V4W, \0% UNLESS OTHERWISE STATED. 


2. ALL CAPACITORS ARE IN AF UNLESS 
OTHERWISE STATED. 


[us| 8304__| eo | 10 
Tor oe, uo [ e-ewres | 1 | — 
cond ces de 
[ie sea fee Po 


Figure B-1. General Handler Interface Circuit Assembly (P/N 47895) (cont) . 
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B.2 HANDLER INTERFACE CIRCUIT ASSEMBLY (MCT BROWNE) (P/N 47897) 


CIRCUIT NO. DESCRIPTION ESI PART NO. 
PC BOARD, HANDLER INTERFACE 46902 
C1-c5 CAPACITOR, 0.01 microfarad, 50V CERAMIC 12144 
C6,C7 CAPACITOR, 1.0 microfarad, 50V CERAMIC 43852 
C8 CAPACITOR, 100 microfarad, 25V ELECTROLYTIC 13683 
J2 - CONNECTOR, 36 PIN, FEMALE 15739 
K1-K13 RELAY, 1 FORM A, 5VDC, 14 PIN DIP 24804 
Ri RESISTOR, 560 ohm, 1/4W, 10% 13916 
R2 | RESISTOR, 120 ohm, 1/4W, 10% 13908 
U1l,U2,U10 RESISTOR, NETWORK, SIP, 10 PIN, 2-2 kilohm 45846 
U3,U4,U5 IC, 7407 24076 
U6 | IC, 7406 20678 
U7 ,U8 IC, 4N28 OPTO—ISOLATOR 20674 
U9 Ic, 8304 45262 
Ull Ic, 8131 45527 
U12 Ic, 3881 47884 
BRACKET, CONNECTOR, MTG 45166 
BRACKET, GROUND 45951 
SOCKET, IC, 6 PIN DIP 45831 
SOCKET, IC, 14 PIN DIP 19189 
SOCKET, IC, 16 PIN DIP | 20860 
SOCKET, IC, 20 PIN DIP 45660 
SOCKET, IC, 40 PIN DIP , 41342 
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Ute 


us 
W407 ince 

u3 
T7497 varie 
T407 3 >, 


U3 
1407 11 pe 


W4 
7407 5 & 


4 
7457 3 i=) 


COMMON 
BIN O 


BIN 1 


BIN 2 
BIN 3 
BIN 4 
BIN 5 
BIN 6 
BIN 7 
BIN 8 
BIN 9 
BIN 10 
BIN R 2 is 


BIN 11 . 


45V Ki-KI3s TYP. 
i3 GND 


is BUSY 
CS i BUSY COMMON 


NOTE: 


i, ALL RESISTOR VALUES ARE IN OHMS, 
V4AW, \0% UNLESS OTHERWISE STATED. 


2. ALL CAPACITORS ARE IN 4F UNLESS 


OTRERWISE STATED. 


Figure B-2. 


14 START TEST 


20 START TEST COMMON 
eat KEYBOARD UNLOCK 


—_. Ri 560 


2.2K RES, 
aii 


MCT Browne Handler Interface Circuit Assembly (P/N 47897) 
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B.3 HANDLER INTERFACE CIRCUIT ASSEMBLY (DAYMARC) (P/N 47896) 


CIRCUIT NO. DESCRIPTION ESI PART NO. 
PC BOARD, HANDLER INTERFACE 46902 
Cc1-c5 CAPACITOR, O.O1 microfarad, 50V CERAMIC 12144 
C6,C7 CAPACITOR, 1.0 microfarad, 50V CERAMIC 43852 
C8 CAPACITOR, 100 microfarad, 25V ELECTROLYTIC 13683 
F2 | CONNECTOR, 36 PIN, FEMALE 15739 
K1-K13 RELAY, 1 FORM A, 5VDC, 14 PIN DIP 24804 
Rl RESISTOR, 560 ohm, 1/4W, 103% 13916 
R2 | RESISTOR, 120 ohm, 1/4W, 103% 13908 
Ul,U2,U10 RESISTOR, NETWORK, SIP, 10 PIN, 2.2 kilohm 45846 
U3,U4,U5 Ic, 7407 24076 
U6 Ic, 7406 20678 
U7,U8 Ic, 4N28 OPTO-ISOLATOR 20674 
U9 Ic, 8304 45262 
Ull Ic, 8131 45527 
U12 Ic, 3881 47884 
BRACKET, CONNECTOR, MTG 45166 
BRACKET, GROUND | 45951 
SOCKET, IC, 6 PIN DIP 45831 
SOCKET, IC, 14 PIN DIP 19189 
SOCKET, IC, 16 PIN DIP 20860 
SOCKET, IC, 20 PIN DIP 45660 
SOCKET, IC, 40 PIN DIP 41342 
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Ule 


U3 
TA07 13 S Yo) 


3 
TAST Ss Se 


NOTE: 


I. ALL RESISTOR VALUES ARE IN OHMS, 
V4W, 10% UNLESS OTHERWISE STATED. 
2. ALL CAPACITORS ARE IN: 4«F UNLESS 


OTHERWISE STATED. 


Figure B-3. 


+5v 


‘5 


COMMON 
BIN 0 


BIN 1 


BIN 2 


BIN 3 


BIN 4 


BIN 5 


BIN 6 


BIN 7 


BIN 8 


BIN 9 


BIN 10 


7 
oN 


BIN 


BIN 11 S 


+5V KI-KI3 TYP, 
GND 
BUSY 


BUSY COMMON 
START TEST 


START TEST COMMON 
KEYBOARD UNLOCK 


Daymarc Handler Interface Circuit Assembly (P/N 47896) 
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B.4 GENERAL PURPOSE INTERFACE BUS (IEEE-488) INTERFACE CIRCUIT 
ASSEMBLY (P/N 46114) ) 


CIRCUIT NO. DESCRIPTION ESI PART NO. 
PC BOARD, GPIB INTERFACE - IEEE - 488 46113 
Cl CAPACITOR, 100 microfarad, ELECT 25V 13683 
c2-Cll CAPACITOR, O.O1 microfarad, CERAMIC 50V 12144 
J2 | CONNECTOR, 24 PIN, FEMALE 42407 
Sl SWITCH, DIP 8 POSITION 43863 
Ul,U2 Tc, *8304 45262 
U3 IC, DM8131l 45527 
U4 Ic, TMS 9914 GPIB CONTROLLER 47843 
U5 Ic, 280 CTC MK3882 46407 
U6 IC, 74LS373 46201 
U7 Ic, 7402 20602 
U8 Ic, 7404 20695 
U9 ic, 7420 20604 
U10 ic, 7400.2. 3 20600 
ull IC, 7432 47790 
U12 IC, 7473 20613 
U13 IC, 75162 IEEE BUS MNGR 47841 
u14 Ic, 75160 IEEE BUS XCVR 47842 
UR] RESISTOR NETWORK, SIP, 10 PIN, 2.2 kilohm 45846 
UR2 RESISTOR NETWORK, SIP, 6 PIN, 2.2 kilohm 45847 
BRACKET, GROUNDING | 45951 
BRACKET, IEEE CONNECT 45165 __ 
‘BUSS STRIP 23997 
SOCKET, IC 14 PIN DIP : 19189 
SOCKET, IC 16 PIN DIP 20860 
SOCKET, IC 40 PIN DIP 41342 
SOCKET, IC 28 PIN DIP 43844 
SOCKET, -IC:-20.-PIN -DIP 45660 
SOCKET, IC 22 PIN DIP 47874 
STANDOFF, STUD MOUNT | 42392 
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v 


a aa a oo 
eo ee ee 


mn 7 GPIB 
> Ca aS ce SC ie} ( ADDRESS 
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Figure B-4. General Purpose Interface Bus (IEEE-488) Circuit Assembly (P/N 46114) 
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B.5 RS-232C INTERFACE CIRCUIT ASSEMBLY (P/N 46724) 


CIRCUIT NO. 


C1-Cll 
J7O1 
R1 

R2 

R3 
S1,S2 
UR1,UR2 
Ul 

U2 

U3 

U5 
u6,U11 
U8 

U9 

U10 
Ul2 
U13 
U14 
U1L5 
U16 

sa} 


DESCRIPTION 


PC BOARD, RS-232/CASSETTE INTERFACE 
CAPACITOR, O.O1 microfarad, 50V, 20% 


CONNECTOR, DB255 

RESISTOR, 1 kilohm, 1/4W, 10% 
RESISTOR, 15 megohm, 1/4W, 20% 
RESISTOR, 6.8 kilohm, 1/4W,10% 
SWITCH, 10 POSITION DIP 
RESISTOR, SIP, SR, 2.2 kilohm 
IC, 74LS00 

I¢C,--74LS32 

Ic, 8131 

IC, 74LS139 

Ic, 8304 

Ic, 3882N-4 

Tes: 74L874 | 

IC, 74LS86 

Ic; 74LS8174 

IC, 3884N-4, Z80-SIO 

Ic, MC 14411 

Ic, MC 1488L 

Ic, MC 1489L 

CRYSTAL, 1.8432MHz, 0.05% 


SOCKET, 14 PIN DIP 


SOCKET, 16 PIN DIP 
SOCKET, 40 PIN DIP 
SOCKET, 24 PIN DIP 
SOCKET, 20 PIN DIP 
SOCKET, 28 PIN DIP 
BRACKET, RS-232 
BRACKET, GROUND 
LABEL, 

CONNECTOR, SLDR 0.025 
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ESI PART NO. 


52673 
45658 
45983 
13920 
13976 


LOO,” 


52711 
45847 
52760 
52582 
45527 
45656 
45262 
49183 
52761 
52762 
43681 
49184 
42933 
42301 
42302 
45974 
19189 
20860 
41342 
41492 
45660 
43844 
45815 
45951 
47813 
26422 


B.5 RS-232C INTERFACE CIRCUIT ASSEMBLY (P/N 46724) (cont) 


CIRCUIT NO. DESCRIPTION PART NO. 
CONNECTOR, SLDR 26430 
BAG 49245 
BOX 18612 


a Vad 

c= 
mode invuisa sane 
RS--232, TAPE 
sNTERFACE 
“KA $2674 


4 . CS cr 

H Fad 
$$.3% 
Par [ere 
1204, 
0c 
+100 
“$90 
“800 
1 


BAUD RATE 


— +3 . 
El a 
wary 


cu 


'eegse 8 e@a@:. @s @: 1MOiisgea 


a wwir 


Figure B-5. RS-232C Interface Circuit Assembly (P/N 46724) 
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Assembly (P/N 46724) (cont) 


B.6 SP5240 (+200V DC BIAS OPTION) CIRCUIT ASSEMBLY (P/N 56482) 


CIRCUIT NO. 


C1,;C3.C5,C6, 
C12,C13,C15, 
C16,C21,C22, 
C24-C28,C30, 
C31,C34,C35, 
C36,C43,C56 
C2,C8,C20 
C4,C29 
C14,C23 


DESCRIPTION 


PC BOARD, ANALOG 

PANEL, CONNECTOR 

SWING LUG, BINDING POST 
BRACKET, CONNECTOR PANEL 
HEAT SINK, 14-16 PIN DIP 
BUS, POWER STRIP 

SOCKETS, 14 PIN DIP 
SOCKETS, 16 PIN DIP 
SOCKETS, 8 PIN DIP 

SOCKETS, 8 PIN DIP 

SOCKETS, 10 PIN DIP 

SOCKET, 20 PIN DIP 
CONNECTOR, BNC ISOLATED 
FUSE CARRIER, GRAY 3AG 
POST, FUSE BODY, HI PROFILE 
JACK 1/8" PHONO 

PLUG, MALE PIN PHONO 

POST, BINDING 

FUSE CARRIER ALT METRIC 5 x 20 BLK 
INSULATOR, TRANSFORMER MTG 
CAPACITOR, O.1 microfarad, 50V, DIP 


CAPACITOR, 30 picofarads, POLY 
CAPACITOR, 0.47 microfarad, 250V 
CAPACITOR, 0.47 microfarad, lOOV 
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PART NO. 


53674 
45162 
03247 
45161 
54740 
23997 
19189 
20860 
52188 
22410 
46481 
45660 
41820 
45966 
45968 
47082 
47083 
01435 
45965 
47275 
51268 


20242 
56473 
45645 


B.6 SP5240 (+200V DC BIAS OPTION) CIRCUIT ASSEMBLY (cont) 


CIRCUIT NO. 


Cy 
C9,C10,C19 
C11,C39 
C17 

C18 
C37,C38 
C40,C41 
C44,C48 
C45 
C46,C47 
C50,C51 
C52,C53 
C54,C55 
C57 

C58 

C59 
c60,Cé6l 
C62 

C63 
CR1,CR2,CR5, 
CR6,CR7,CRQ, 
CR1O 
CR12,CR13, 
CR16-CRI1Q, 
CR24,CR25, 
CR30-CR35 
CR22 

CR23 
CR26,CR27 
F2 


DESCRIPTION 


CAPACITOR, 100 picofarad, POLY 

CAPACITOR, 220 picofarad, POLY 

CAPACITOR, 470 picofarad, POLY | 
CAPACITOR, 0.022 microfarad, 200V, MYLAR 
CAPACITOR, 
CAPACITOR, 
CAPACITOR, 
CAPACITOR, 
CAPACITOR, 
CAPACITOR, 
CAPACITOR, 


0.022 microfarad, 

POLY 

50V CERAMIC 
DISC 

25V ELECTROLYTIC 
TANT 35V 

63VDC, FILM 
LOOVDC, FILM 
LOOVDC, MYLAR 


390 picofarad, 
O.Ol1 microfarad, 
8.2 picofarad, 
25 microfarad, 
6.8 microfarad, 
0.047 microfarad, 
CAPACITOR, 0.0022 microfarad, 
CAPACITOR, 0.0047 microfarad, 
CAPACITOR wi:150 picofarad, POLY 
CAPACITOR, CERAMIC, 
CAPACITOR, 
CAPACITOR, 
CAPACITOR, 
CAPACITOR, 10 picofarad, 
DIODE, 1N4005, 500V PIV 


500 picofarad, 1OOOV 
47 picofarad, 

63VDC, 
20V, TANT 


1kV, 5% 


0.047 microfarad, FILM 


10 microfarad, 


DIODE, 1N914A, 75V PIV 


SURGE ARRESTOR, GAS 
VARISTOR, 10V LIMIT 
DIODE, IN5355A, ZENER, 
FUSE, 0O.5A, 250V, 3AG, 


18V, 5 OWT 
FAST-BLOW 
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PART NO. 


18760 
20277 
44711 
48665 
12399 
29292 
78032 
02127 
01941 
43792 
54696 
54697 
54694 
29606 
01920 
29605 
54695 
43856 
43277 
13654 


12356 


56474 
42632 
29033 
01802 


B.6 SP5240 (+200V DC BIAS OPTION) CIRCUIT ASSEMBLY (cont) 


CIRCUIT NO. 


K1,K4,K6 
K2,K5 

K3 

Q1,Q2 

Rl 

R2 

R3 

R4 

R5,R6 

R7 

R8 

RQ 

R10 

Ril 

R1l2 
R13,R18,R25, 
R33-R35,R41 
R14,R16,R24, 
R36 

R15 

R17 

R19-R23 

R26 

R27 
R30,R42,R43 
R31 
R32,R49,R51, 
R60-R63 


DESCRIPTION 


RELAY, FORM 1A, 5V, SIP 

RELAY, GB 822 

RELAY, 1805 B-300 ELECTRODYNE 

XSTR, PNP/NPN ARRAY (WITH HEAT SINK) 


RESISTOR, 
RESISTOR, 
RESISTOR, 
RESISTOR, 
RESISTOR, 
RESISTOR, 
RESISTOR, 
RESISTOR, 
RESISTOR, 
RESISTOR, 
RESISTOR, 
RESISTOR, 


RESISTOR, 


RESISTOR, 
RESISTOR, 
RESISTOR, 
RESISTOR, 
RESISTOR, 
RESISTOR, 
RESISTOR, 
RESISTOR, 


8.2 kilohm, 1/2W, 5% 

22 kilohm, 1/2W, 10% 
820 ohm, 1W, 10% 

47 ohm, 1W, 10% 

100 kilohm, 1/4W, 10% 
18 ohm, 1W, 5% 

90 kilohm, 0.01% 

10 ohm, ESI QB, 0.005% 
90 ohm, ESI QB, 0.005% 
900 ohm, ESI QB, 0.005% 
9 kilohm, ESI QB, 0.005% 
10 kilohm, 1/4W, 10% 


2 megohm, 1% 


500 kilohm, VARIABLE, 20T 
15 megohm, 10% 

2 kilohm, VARIABLE, 1/4W 
2.55 ohm, 1/4W, 1% 

1 kilohm, 1/4W, 1% 

10 kilohm, 1% 

9.53 kilohm, 1/4W, 1% 

2.2 kilohm, 1/4W, 10% 
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PART NO. 


53599 
26667 
46286 
55067 
06181 
02453 
26836 
23093 
13945 
55845 
539533 
Dagog 
53954 
53956 
53955 
139323 


21042 


54104 
L3a970 
46388 
21761 
21730 


21740 


21762 
13924 


B.6 SP5240 (+200V DC BIAS OPTION) CIRCUIT ASSEMBLY (cont) 


CIRCUIT NO. 


R37-R40 
R44 
R45,R46 
R47 
R48,R52,R53 
R58 
R54,R55 
R56,R57 
R65,R66 
R68 

Tl 

TP1-TP8 
U1,U19 
U2,U3,U6,U8 
U4,U10,U20 
U5 

U7 

U11,U13 
Ul2 
U14,U17 
UL5 

U16 
U18,U21 
U22 

U23 

U24 


DESCRIPTION 


RESISTOR, 2.7 ohm, 1/4W, 10% 
RESISTOR, 4.99 kilohm, 1/4W, 1% 
RESISTOR, 10 kilohm, VARIABLE 
RESISTOR, 150 ohm, 1/4W, 103% 
RESISTOR, 1 kilohm, 1/4W, 10% 


RESISTOR, 10 kilohm, VARIABLE, 20T 
RESISTOR, 10 ohm, 1/4W, 108% 
RESISTOR, 100 ohm, 1/4W, 103% 
RESISTOR, 2.7 kilohm, 1/4W, 10% 
TRANSFORMER 

TERMINAL, TURRET 

Ic, HA5115 

IC, LF356 

IC, 4052AE 

Ic, CD4051 

Ic, LM3ll 

IC, TLO74 

IC, 7485472, PROGRAMMED 

IC, AD7524JN DAC 

IC, DIP RESISTORS R698-3-R10K 
IC, SIP RESISTORS 

IC, 7475N 

Ic, AD7548 DAC 

IC, 7406 

IC, 74LS373 
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PART NO. 


13887 
21737 
46204 
13909 
13920 


41902 
13895 
13907 
13925 
46480 
52073 
53895 
41473 
20743 
40841 
29544 
43299 
53960 
45652 
43077 
47328 
20614 
54174 
20678 
46201 
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REF 
2413 
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NOTES; UNLESS OTHERWISE SPECIFIED: 


l. ALL RESISTOR VALUES ARE IN OHMS, I/4 W, 10%. 
2. ALL CAPACITORS ARE IN «F , UNLISTED VALUES ARE O1 wF. 
3. ALL DIODES ARE IN4005. 


: Figure B-6. Model SP5240 (+200V DC Bias Option) Circuit Assembly 
(4 F COMPONENTS NOTED ARE MOUNTED ON THE REAR PANEL. (P/N 56482) = 
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R54. so RI9= R23 R15 R55 M5 R46 


52 | 
i ose oe TEES | 


ecoe OL} 
ii U15 
10K 
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U6 
= we coe BE 


1 iit U20} ¢ = U23 7406 = 
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+ 
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Figure B-6. Model SP5240 (+200V DC Bias Option) Circuit Assembly 
(P/N 56482) (cont) 
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Warranty 


TEGAM, Inc. warrants this product to be free from defects in material and workmanship for a 
period of one year from date of shipment. During the warranty period, we will at our option, 
either repair or replace any product that proves to be defective. 


TEGAM, Inc. warrants the calibration of this product for a period of one year from date of 
shipment. During this period we will recalibrate any product that does not conform to the 
published accuracy specification. 


To exercise the warranty, contact TEGAM, Inc., TEN TEGAM Way, Geneva, Ohio 44041, phone 
440-466-6100, fax 440-466-6110, M-F, 8 a.m.-5 p.m. ET. You will be given prompt assistance 
and return instructions. Send the instrument, transportation prepaid, to the indicated service 
facility. Repairs will be made and the instrument returned, transportation prepaid. Repaired 


products are warranted for the balance of the original warranty, or at least 90 days, whichever is 
longer. 


Limitation of Warranty 


TEGAM, Inc. warranty does not apply to defects resulting from unauthorized modification or 


misuse of any product or part. This warranty also does not apply to fuses, batteries, or damage 
from battery leakage. 


This warranty is in lieu of all other warranties, expressed or implied, including any implied © 
warranty of merchantability or fitness for a particular use. ie Inc shall not be liable for any 
indirect, special or consequential damages. 


Statement of Calibration 


This instrument has been inspected and tested in accordance with specifications published by 
TEGAM, Inc. 


The accuracy and calibration of this instrument are traceable to the National Institute of Standards 
and Technology through equipment that is calibrated at planned intervals by comparison to 
certified standards maintained in the Laboratories of TEGAM, Inc. 


How to Contact TEGAM 


TEGAM, Inc. 
TEN TEGAM Way 
Geneva, OH 44041 


Phone: 440-466-6100 
Fax: 440-466-6110 
e-mail: sales@tegam.com 


